TUBERCULOSIS 
SURVEILLANCE 
RESEARCH UNIT 


) REPORT NO. | 


€ 


THE TRANSMISSION 
‘OF TUBERCLE BACILL 


XXth INTERNA) SNAL 
TUBERCULOSIS CONFERENCE 


New York 


(U.S.A.) 


he : L 2-6 September 1969 y 
Volume XLII —— 


~ March 1969 


ete an gn eines aa 


\s 

SOCHA 
EXECUTIVE COMMITTEE Community Health Library and 
Dr. James E. PERKINS Centre for Public Hez 
President No.27, 1st Floor, 6th Cross, 1st Main, 1st 
Prof. K. KRAAN 
Pret ee & THIS BOOK MUST BE 
Prof. Etienne BERNARD THE DATE LAST 
Secretary General 
Mr. Jean-Pierre MALLET 
Treasurer 
Dr. A. BULLA (Rumania) 


Prof. Ph. V. CHEBANOV (U.S.S.R.’ 
Prof. P. DELORMAS (Ivory Coast) 
Dr. J. H. HARLEY WILLIAMS (Gre 
Dr. P. ITURBE (Venezuela) 

Dr. C. W. L. JEANES (Canada) 

Dr. J. LUNDQUIST (Sweden) 

Prof. M. MILLET (Belgium) 

Prof. A. OMODEI ZORINI (Italy) 
Dr. M. SCHAFFNER-RAZAFINDR 
Dr. J. S. SODHY (Malaysia) 
Dr. M. YAMAGUCHI (Japan) 


Dr. Johs. HOLM 
Executive Director 


TUBERCULOSIS 
SURVEILLANCE 
RESEARCH UNIT 


REPORT NO. I 


THE TRANSMISSION 
OF TUBERCLE BACILLI 


ITS TREND IN A HUMAN POPULATION 


International Union against Tuberculosis 
20, rue Greuze, 75 PARIS 16e — Tel. 727.58.73 or 553.75.92 


The present number of the Bulletin of the Union appears in only 
one version — the English version. This report of the TSRU is 
published in French in the Bulletin of the WHO, with the exception 
of the appendix, which consists entirely of tables. The appendix 
appears in the present number of the Bulletin of the Union in both 
French and English. 


Le présent numéro du Bulletin de !’Union parait en une seule 
version, la version anglaise. Ce travail du Tuberculosis Surveillance 
Research Unit est publié in extenso en Frangais dans le Bulletin de 
Organisation Mondiale de la Santé, 4 l'exception des tableaux 
annexes qui figurent dans les deux langues dans le présent numéro 
du Bulletin de |’Union. 


Me oe caren Union against Tuberculosis is sending the Bulletin 
ne of charge to its ordinary members (membership fees: US $ 10 
year, to be remitted to the National Tuberculosis Associations). 


Subscription ma ! 
y be ordered through the Int 
against Tuberculosis. . ernational Union 


L’” ~ ~ 

lei ne contre la Tuberculose envoie gratuitement 

- in aux Membres Titulaires (cotisation: 10 $ US par an, a 
resser aux Associations Nationales). 


Des abonnem 
ents peuvent étre pris aupré : 
r ‘ 
contre la Tuberculose. P pres de I’Union Internationale 


CONTENTS 


a 
a cs ag oe eet ft 8 wee le 0 MOL 7 
ESSE ELE EE Te. tek eran 9 
Set ng os ag oo wR ee ee 11 

ll. Estimation of the annual risk of tuberculous infection in 

the Netherlands 

1. Use of the information from army recruits tested from 
ee es yg. eae alten aia” 14 

2. Assignment of average annual risks of tuberculous in- 
fection to specific calendar years. . ........ 15 

3. Use of the information from schoolchildren aged 12 
to 18 years tested from 1961 to 1966. ....... 18 

4. Use of the information from children up to 13 years of 
age tested in four surveys between 1926 and 1947 . . 23 

Ill. Validity of the estimates of annual risk of tuberculous 
Cee ne Ro i ee i eee a ee ae a a 26 

\V. Estimates of the annual risk of infection up to the age 
of twenty years for prediction purposes. ....... 30 

VY. Assumptions made about the risk of infection between 
ages 14 and 50 years for prediction purposes. .... . 31 

VI. Estimated prevalence of tuberculous infection up to the 
age of 50 years for cohorts born from 1910 to 1960. . . 36 


Vil. Estimated incidence of new tuberculous infection up to 
the age of 50 years, for cohorts born from 1910 to 1960 40 
Vill. A practical method for estimating the infection risk in a 


particular calendar year. . 2 - 2 6 6 2 ee ee 45 
IX. Other methods for estimating the risk of tuberculous 
infection during childhood in different calendar years. . 48 


1. Direct estimation of the infection risk at a particular 
Oe oe ek ee, ORE oe ike 48 
2. Estimation of the risk of infection from the number of 
cases of tuberculous meningitis in children aged 0-4 
WORRE 6) 4 5h in uh sire cee Ne, 4 SRS! A Ks 49 


X. Discussion 


1. The technique of estimating the annual risk of infection 52 
2. The trend of tuberculous infection in the Netherlands 
without and with special measures; ‘self-elimination’ 
GE CIO ISORTO, kn aM gm 8 ow ne 54 
3. Implications of knowledge of the annual risk of infection 5/7 
4. The practical importance of determining the risk of 


tuberculous infection. . 2... 6 et ee ee 59 
ee ee 62 
Ee ee 2 74 
RE ee We Sa SF ee we we we es 79 
Appendix TableA. ....-- 6 eee eee eee ee 81 
Appendix TableB. ...--- +--+ sees ee eens 87 


Appendix TableC. .. 1... ee tee eee ee 103 


THE TRANSMISSION OF TUBERCLE BACILLI “A 


ITS TREND IN A HUMAN POPULATION 


Tuberculosis Surveillance Research Unit* 
The work was carried out and the report prepared by 


K.StTYBLo, J. MEVER and [AN SUTHERLAND** 


* The Tuberculosis Surveillance Research Unit (TSRU) is a special research unit estab- 
lished by the International Union against Tuberculosis (IUAT) in collaboration with the 
World Health Organization (WHO) and four countries (Canada, Czechoslovakia, The 
Netherlands and Norway). The Research Director of the Unit is Dr. K.Styblo. 


The research is guided by the TSRU Directing Committee. The members of this Com- 
mittee are: Dr. Johs.Holm (Executive Director, IUAT); Dr. G.Canetti and Dr. J.R. 
Bignall (Co-ordinators of the Technical Committees, IUAT); Dr.K.RaSka (Director, 
Division of Communicable Diseases, WHO); Dr. H.Mahler (Chief Medical Officer, 
Tuberculosis Unit, WHO); Dr. C.W.L.Jeanes (Executive Secretary, Canadian Tuber- 
culosis and Respiratory Disease Association); Dr. S.Grzybowski (University of British 
Columbia, Vancouver); Dr. J.W.Davies (Department of National Health, Ottawa); 
Dr. G.D. Barnett (Saskatchewan); Dr. K. Toman (Director, International Training Course 
in Epidemiology and Control of Tuberculosis, Postgraduate Medical School, Prague); 
Ing. J.Radkovsky (Senior Statistician, Institute of Epidemiology and Microbiology, 
Prague); Dr. J. Meijer (Director, Royal Netherlands Tuberculosis Association); Dr. R. 
Drion (Chief Medical Officer of Health, The Netherlands); Dr. M.A. Baas (Tuberculosis 
Adviser to the C.M.O., The Netherlands); Dr. M.A.Bleiker (Organization for Health 
Research T.N.O., The Netherlands); Dr. B. V. Bekker, (Epidemiological Department of the 
C.M.O.’s Office, The Netherlands); Dr. O. U. Galtung (Director, Division of Tuberculosis, 
The Health Service of Norway); Mr. H.Th. Waaler (Senior Statistician, Central Tuber- 
culosis Registry, Oslo); Dr. Ian Sutherland (Member, Statistical Research Unit, Medical 
Research Council, London); Dr. K.Styblo (Research Director of the TSRU, IUAT). 


** Appendix Table A was prepared by Ing. M.Sampalik (Statistician, Institute of 
Epidemiology and Microbiology, Prague). Some of the other calculations were made by 
Ing. I. Reil (Senior Statistician, Tuberculosis Research Institute, Prague). 


rs : 


a 


- _ =, 
* 7 > vy % ist Id) VOReiiee 7. 4 
aloe 7 ae P 

.. 


es ence Os ‘any 
9 


4 


SYNOPSIS 


Extensive information is available from tuberculin surveys in the Netherlands 
on the prevalence of tuberculous infection at various ages in a number of 
calendar years. A technique has been developed for converting this information 
on prevalence into a smooth series of annual risks of tuberculous infection. The 
series of infection risks for the Netherlands, when applied to the population 
cohorts born since 1910, reproduced the observed prevalence figures satisfac- 
torily. The series was then used to make a comprehensive study of the incidence 
and prevalence of tuberculous infection for cohorts born in that country between 
1910 and 1960 up to the age of 50 years. 

The main advantages of expressing prevalence data in terms of a series of 
annual risks of tuberculous infection in this way are: (1) To obtain meaning- 
ful indices of the present and past impact of tuberculosis on a community — 
mortality no longer representing a valuable measure; (2) To assess comprehen- 
sively the likely future prevalence of infection and the incidence of fresh 
infections, at different ages; and thereby (3) To assist the planning of program- 
mes for tuberculosis control in developing countries or for eradication in 
developed countries. 

The possibility of applying the same methods to the results of representative 
tuberculin surveys in other countries should be explored. The present report 
includes some tables to make this easier, especially in circumstances where the 
data are much less extensive than in the Netherlands. 
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INTRODUCTION 


The study of the epidemiology of tuberculosis and the need for a rational 
approach to the problem of tuberculosis control require a sound knowledge 
of the risk of transmission of tuberculous infection from host to host. This 
knowledge is required to-day both in countries with a high prevalence and in 
those with a low prevalence of the disease. (Dependable information on the 
transmission of tuberculous infection, and of the trends in the risk in recent 
years, would enable a developing country to assess the magnitude of its 
tuberculosis problem and to plan and execute an effective anti-tuberculosis 
programme; the same information for a technically advanced country would 
enable it to assess the relevance of current tuberculosis control measures in 
what is probably a rapidly changing situation, and to plan for the eventual 
eradication of the disease. 

The risk of transmission of tuberculous infection in a given community 
during a particular period of time is most reliably expressed numerically in 
terms of a series of average annual risks of acquiring a tuberculous infection 
(referred to below as infection risks) in successive calendar years. The infec- 
tion risk indicates the proportion of the population which will be primarily 
infected, or reinfected, with tubercle bacilli in the course of one year, and is 
usually expressed as a percentage or as a rate. 

In nearly every country the data on the past transmission of tuberculous 
infection are far from complete because tuberculin testing has not been 
performed regularly or systematically in representative samples of the popu- 
lation. Even where there has been extensive testing, the methods of testing 
have often varied, differing tuberculins have been used, and differing criteria 
employed for distinguishing between persons infected and persons not infect- 
ed with tubercle bacilli. 

The results of tuberculin testing surveys are usually presented only in the 
form of prevalence figures for past tuberculous infection. Prevalence figures 
do not indicate when in the past the first infections occurred, and it may be 
thought that no information on this point can be obtained from prevalence 
data. This is correct if the only results available are from a single tuberculin 
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survey at one specific age. If, however, the survey covers a range of ages, and 
especially if several surveys of the same population have been made at 
different times (using similar techniques, so that the results may be com- 
bined), the results do contain useful information, which can be recovered, on 
the incidence of tuberculous infection during the period since the birth of the 
surveyed subjects. As will be shown in detail below, it is possible to derive, 
from data on the prevalence of ‘past infection, a series of estimates of the 
incidence or risk of tuberculous infection in successive calendar years. These 
estimates may be regarded as an alternative method of presentation of the 
results of tuberculin surveys, which supplements the usual method of 
presentation in terms of the prevalence of past infection. 

The best opportunity to study the transmission of tuberculous infection is 
found in those countries where BCG vaccination has not been performed 
on a large scale, because of the difficulty of differentiating reliably between 
post-infection and post-vaccinal allergy. In many countries allowance must 
also be made for infections with atypical mycobacteria, which may lead to 
tuberculin sensitivity in individuals who have not had a first infection with 
tubercle bacilli. 

The material from the Netherlands seems to be particularly valuable in 
this connection, as in this country less than 5 percent of the child population 
has ever been BCG-vaccinated, and mycobacterial infections other 
than tuberculosis are not nearly as frequent as in many tropical or sub- 
tropical countries. The available data on tuberculin sensitivity consist 
of the results of a series of annual surveys in male recruits (aged about 19 
years) which started in 1954, and a series of annual surveys in schoolchildren 
of both sexes (aged about 12 to 18 years), which started in 1961, both series 
covering the whole country; the same tuberculin testing technique was used 
throughout these surveys. In addition, there are results of four earlier 
surveys in children aged | to 14 years in Amsterdam, viz. in about 1926, 
1934, 1939 and 1947, using a different testing technique. 

The epidemiological advantages of the approach explored in this report, 
when applied to the data for the Netherlands, are fully illustrated and 
discussed. In addition, a special section of the report indicates how the 
analytical technique developed here may be used on similar data from other 
countries. Suggestions are given for planning future tuberculin surveys in 
such a way that they may contribute to a better understanding of the tuber- 


culosis problem in a country, as well as influencing the measures for the 
control and eventual eradication of the disease. 
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A derivation of the mathematical formula which expresses the relationship 
between the prevalence of past tuberculous infection in a population group of 
a particular age, and the incidence of tuberculous infection during the period 
since the birth of the group, is given in the Appendix, together with a tech- 
nical description of the application of this formula to the data for the 
Netherlands. It is, however, necessary here to indicate in general terms how 
these measures are related, so that the non-mathematical reader will appre- 
ciate how it is possible to ‘translate’ the information on the prevalence of past 
infection into a series of annual incidence rates, and will realize what diffi- 
culties have to be overcome in the process. 

Suppose a group, or ‘cohort’, of children is considered, all of whom were 
born at the beginning of year b, and they are followed until they are all aged 
exactly a years. If their risk of acquiring tuberculous infection was known 
for each of the a years through which they had lived, it would clearly be 
possible to calculate the proportion who had been infected at least once by 
the age of a. If py, Py41, Po+25 --» Po+ca—1y Fepresent the risks of infection 
in the a successive years b, b+1, b+2, ... b+(a—1), and P,,, represents 
the proportion who have been infected by age a, then the algebraic formula 
for calculating P, , (see Appendix) is: 


Pao = 1—(1—p»)° (1—p5+1)° (l=p54a)-- (1=ps++1)): 


If Q,., is written for (1—P,, 5), 7» for (l—p »), and so on, then the formula 
becomes: 


QOo.6 = 16° 141° Tb4+2 «+: Vb4+(a-1) (1) 


The interpretation of the formula in this simpler form is that the proportion 
of the children who have escaped tuberculous infection by age a (Qz,,) 1s 
equal to the product of the separate risks of escaping tuberculous infection 
in the a successive years. 

As indicated, if the various values of g were known, the value of Q,,» 
could be calculated quite simply from the formula. The problem here, 
however, is the reverse. The value of Q,, 51s known from a tuberculin survey, 
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and the problem is to calculate the various values of g. Clearly there are 
many possible sets of values of g which will satisfy the formula, and the 
problem is to discover the set of values which is closest to the actual epide- 
miological situation. This cannot be done unless some other values of Q are 
available, either for different ages, or for children born in different years, or 
both. The method used for constructing the series of annual risks of tuber- 
culous infection in the Netherlands will be illustrated in the next section in 
relation to the actual data. 

Before proceeding to this analysis, one technical decision has to be made. 
In all the surveys of tuberculin sensitivity in the Netherlands from 1959, a 
single intracutaneous (Mantoux) test was made on each subject with 0.00002 
mg of RT 23 (1 TU) in 0.1 ml of a buffer containing Tween 80 (from 1954 to 
1958 the dose was 5 TU of RT 22 without Tween 80, which is equivalent to 
the later dose). The transverse diameter of induration was measured after 
about 72 hours. This is the current standard WHO tuberculin test (WHO, 
1963; IUAT, 1964). To assess the frequency of past infection with tubercle 
bacilli from the findings of this test it is necessary to decide what critical 
diameter of induration discriminates best in the Netherlands between sub- 
jects infected and subjects not infected with tubercle bacilli. The critical 
diameter has been taken between 7 mm and 8 mm for two main reasons: 


(1) It accords with the findings of the most recent surveys of ‘specific’ and 
‘non-specific’ tuberculin sensitivity in the Netherlands (Bleiker, personal 
communication). A lower critical diameter — say between 5 mm and 
6 mm — would appear to include too many ‘non-specific’ reactions, and 
a higher critical diameter — say between 9 mm and 10 mm — would 
appear to exclude too many ‘specific’ reactions. 

(2) In Britain, a Mantoux test with 0.1 ml of a 1:3000 dilution of Old 
Tuberculin (3 TU) in a buffer not containing Tween 80 (which has been 
found in a small study to give similar results to the standard WHO 
tuberculin test) has been used extensively in serial testing of the same 
individuals. Subjects originally without any reaction to 3 TU (or 
100 TU), who later showed 8 or 9 mm induration to 3 TU, had a sub- 
stantially higher subsequent incidence of clinical tuberculosis than those 
who later showed 5 to 7 mm induration to 3 TU (Sutherland, personal 
communication). 


Throughout the rest of this report, therefore, those with 0-7 mm induration 
to the standard WHO tuberculin test will be regarded as having escaped 
tuberculous infection, and those with 8 mm induration or more will be 
regarded as having been infected at some time in the past with tubercle 
bacilli. 
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It is important to realize that the prevalence of tuberculin positivity at a 
particular age will underestimate the prevalence of past tuberculous infec- 
tion if a proportion of those infected later ‘revert’ to tuberculin negativity. 
More precisely, therefore, the risks of infection which are estimated below 
are risks of ‘infection minus reversion’, and these may underestimate the true 
risks of infection to a small extent. 
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Ul. ESTIMATION OF THE ANNUAL RISK OF TUBERCULOUS 
INFECTION IN THE NETHERLANDS 


(1) Use of the information from army recruits tested from 1954 to 1966 


The series of annual tuberculin surveys of male recruits aged about 19 years 
has been used as the basis for estimating the annual risk of tuberculous 
infection in the Netherlands during the post-war period. These surveys 
cover about 50 percent of the male population of this age in the Netherlands 
each year (Bleiker, Griep and Beunders, 1964) but, because only those 
accepted for army service are tested, the surveys may underestimate slightly 
the prevalence of tuberculous infection. The tuberculin testing and reading 
techniques have been uniform throughout, and because the surveys have 
been undertaken annually since 1954, they give information on the annual 
infection risks over a considerable period of time. However, the information 
from the 1954 and 1955 surveys has not been used, partly because the surveys 
in these first two years were on rather smaller numbers (and were therefore 
perhaps less representative) than the later surveys, and partly because the 
results according to the 8 mm criterion for tuberculous infection were not 
readily available for these years. The data from 1956 to 1966 are summarised 
in Table 8. 

The surveys for these years therefore provide a series of values of Q,, p, all 
for the same value of a (which has been taken to be 194 years), and 
for 11 successive cohorts of male subjects. The surveys are regarded as if they 
were made in the middle of each year, so that the 11 cohorts may be regarded 
as having been born on average at the beginning of each of the 11 years from 
1937 to 1947. That is, there are values Of Q10,.5,,forb = 1937, 1938 ... 1947. 

The first step is to derive an average value for the risk of infection during 
the lifetime of each of these cohorts. This may be done by considering a 
modification of formula (1). If there was no trend in the incidence of infec- 


tion during the lifetime of a cohort, all the values of g in this formula would 
be equal, and the formula would become: 


0. = q° (2) 


Thus an average value for q (the annual risk of escaping infection) during the 
lifetime of a cohort may be obtained by extracting the ‘a’th root of Q, »: 
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TABLE 1 


Estimates of the average annual risk of tuberculous infection during the lifetime 
of 11 cohorts of male army recruits aged 19} years, The Netherlands 


Cohort Year of Percentage of Proportion Average annual Average annual 
(born on survey recruits who had chance of risk of tuberculous 
average (mid-year) with 8 mm escaped escaping tuber- infection (percent) 
on Jan. 1) induration or infection culous infection during lifetime of 
more tol TU by age 194 cohort 

(b) (100 Pis.ss)  (Qi9.5.0) (qv) (100 7) 

1937 1956 21.5 0.785 0.98766 1.234 

1938 1957 18.5 0.815 0.98955 1.045 

1939 1958 17.2 0.828 0.99038 0.962 

1940 1959 14.7 0.853 0.99188 0.812 

1941 1960 12.9 0.871 0.99292 0.708 

1942 1961 11.8 0.882 0.99355 0.645 

1943 1962 9.9 0.901 0.99468 0.532 

1944 1963 8.3 0.917 0.99555 0.445 

1945 1964 7.3 0.925 0.99600 0.400 

1946 1965 6.9 0.931 0.99635 0.365 

1947 1966 6.0 0.940 0.99682 0.318 


this can be done quite easily with the aid of logarithms. This average may be 
written >. 

Table | shows the observed percentages of recruits with 8 mm induration 
or more to the standard tuberculin test at each of the surveys (that is, the 
values of 100 P;9.5, ,), together with the associated values of Q,9,5,,, and the 
values of g, and 100 p, calculated from formula (2). There is a steep down- 
ward trend in the values of p, for successive cohorts. Each value of p, will 
correspond to the annual risk of infection at some time between the time of 
birth of the cohort (4) and the time of the survey (b+ 193). Figure | illus- 
trates this point diagrammatically for one cohort. It is not obvious to which 
intervening time 5+ x the value /, refers. This time will depend on the way 
in which the risk of infection has changed during the lifetime of the cohort, 
and will not necessarily be halfway between b and b+ 193. Moreover, it will 
not necessarily correspond exactly to a particular calendar year. The next 
problem is therefore to estimate b+ x from the information given by the 
Ll surveys. 


(2) Assignment of average annual risks of tuberculous infection to specific 
calendar years 


In formula (1) above, the risk of infection is regarded as being constant 
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FIG. 1 


A diagram to show that the average annual risk of infection during a period may 
not correspond to the annual risk at the middle of the period 


Annual risk of 
tuberculous 
infectio 


Pb 


. shi b+19.5 Time 


throughout a calendar year. Since it is clear that in the Netherlands there 
must have been a steep downward trend in risk of infection in the years since 
the Second World War, it would be more realistic to regard the risk of 
infection as being a continuously changing quantity. Thus, in Figure 1, the 
series of steps would be replaced by a curve. This involves a modification of 
formula (1) and the other mathematical formulae derived from it in the 
Appendix, but the relationship between prevalence and incidence remains 
essentially the same as in formula (1). With the modified formula, however, 
it becomes simpler to deal with times and intervals which do not correspond 
exactly to calendar years, and this modification is therefore important in 
relation to an accurate estimation of x. 

As stated above, p, represents an estimate of the annual risk of tuberculous 
infection at some time 4 + x during the lifetime of the cohort born at time b; 
this annual risk may be written p,,,. Here we have information from 1] 
cohorts born at annual intervals, and all examined at the same age, and it 
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has therefore been assumed, as a first approximation, that x will be the same 
for all of them. Thus the values of f,937, Pio3s, --- Pi947 are a Series of 11 
estimates Of pi9374x> Pi938+x> --- P1947+x- In other words, the final column 
of Table | indicates the downward trend in annual infection rate during a 
period in the Netherlands, which is x years /ater than the period 1937 to 1947. 

The next step was to ‘fit? a smooth curve to the values of 100, in the final 
column of Table 1, which closely described their trend, and which could be 
extended in both directions in time. In the course of the calculations for 
Table 1, it had been noticed that the 11 values of log (—log q,) lay very nearly 
on a straight line. A straight line was therefore fitted to these values, using 
the standard linear regression technique, and regarding all the 11 values as of 
equal ‘weight’. (This line corresponds very closely to an exponential down- 
ward trend in the risk of infection; the reasons for choosing this particular 
line are given in the Appendix). This line was extended in both directions, 
and, when expressed in terms of p, provided the required smooth curve to 
describe the downward trend of the risk of tuberculous infection in the 
Netherlands army recruits. The original and the smoothed values of 100), 
are shown in the second and third columns of Table 2, and it will be seen that 
the smooth curve agrees closely with the original values. 

The smooth curve was then used to determine the value of x. For example, 
the value of 1.227°% for the average risk for the cohort born in 1937 was 
derived from recruits examined in 1956, but corresponds to the risk of 
infection at an earlier time, when the members of the cohort were younger, 
namely aged x years. The value of x for this cohort was found by moving 
the smooth curve describing the downward trend of infection risks to a new 
position. This new position was such that 194 years of the infection rates 
given by the curve, when combined according to the modified version of 
formula (1), gave a prevalence of past infection at age 194 years of 21.5 
percent, the same as was observed at that age for this cohort (Table 1). The 
new position for the curve gives a value of 1.227°% at an age of 7.719 years 
(see Appendix), which is thus the required value of x for this cohort. 

The series of estimates of x for the 11 cohorts are given in the fourth 
column of Table 2. They show no systematic variations, and this confirms 
that x is apparently the same for all the cohorts; the average of the 11 
estimates is 7.683 years. Thus, on average, the smoothed values of the 
average annual infection rates in the third column of Table 2 represent the 
infection rates at the time when each of the cohorts of children was aged 
7.683 years. The final column of the table shows the values of the annual 
infection rates on the same smooth curve at the date of birth of each of the 
cohorts, given in the first column. A comparison of the last four values in the 
final column of the table, with the first four in the third column, shows that 
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TABLE 2 


Derivation of annual risks of tuberculous infection in The Netherlands from 
1937 onwards from information from 11 cohorts of male army recruits 


Cohort Average annual Smoothed Age in years to Estimated annual 
(born on risk of tuberculous — value of which this risk of tuberculous 
average on _ infection (percent.) “average smoothed value infection (percent.) 
Jan. 1) during lifetime of annualrisk applies (to re- at date of birth of 
cohort produce ob- the cohort* 
served preva- 
lence at 194 
years) 
(b) (100/,) (= 100p, +x) (x) (Po) 
1937 1.234 1.227 7.719 3.28 
1938 1.045 1.070 7.499 2.86 
1939 0.962 0.933 7.915 2.49 
1940 0.812 0.814 7.672 2.17 
1941 0.708 0.709 7.651 1.90 
1942 0.645 0.618 7.960 1.66 
1943 0.532 0.539 7.612 1.45 
1944 0.445 0.469 7.271 l.27 
1945 0.400 0.409 7.505 1.10 
1946 0.365 0.356 7.878 0.97 
1947 0.318 0.311 7.839 0.83 


esac Settles sleet et 
* Using the average of the column of values of x (namely 7.683) for all the cohorts. 


the former curve has been moved between 7 and 8 years, compared with the 
latter. 

This smooth curve of annual infection rates, of which only the portion 
for the years from 1937 to 1947 is shown in the last column of Table 2, 
has been derived from information on male recruits which relates to the 
whole period from 1937 to 1966, and for this reason may be regarded as 
providing a reliable indication of the change in risk of tuberculous infection 
in the Netherlands during the whole of this calendar period. The information 
obtained in the tuberculin surveys of schoolchildren provides a valuable 
means of testing the adequacy of this curve of annual infection rates, and of 
seeing whether it needs to be modified to include females as well as males. 


(3) Use of the information from schoolchildren aged 12 to 18 years tested 
from 1961 to 1966 


The information from the annual tuberculin surveys of schoolchildren has 
been used partly to confirm the validity of the series of annual risks of tuber- 
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culous infection obtained from the information for army recruits, and partly 
to assess whether the risks are different for boys and girls. 

From 1962 onwards the surveys in schoolchildren have covered each year 
about 50 percent of the population of the Netherlands aged 13 to 16 years 
(about 70 percent of those aged 14 years), and smaller proportions of those 
aged 12, and 17 or more (many of the older children having left school). 
The findings may be regarded as reasonably representative of the whole 
school population. The tuberculin testing and reading techniques have been 
uniform throughout, and they are also the same as the techniques used for 
the army recruits, although the teams making the surveys are distinct. The 
information from the 1961 survey has not been used here, because the num- 
bers tested were smaller (and the survey was therefore perhaps less represen- 
tative); however the information at ages 12, 17 and 18 years from the later 
surveys has been retained, despite the smaller numbers, because they provide 
a valuable link, in terms of age, with the recruits. The data from 1962 to 1966 
are summarised in Table 7. 

The results of the analysis of the data for the schoolboys aged 124 to 183 
years are given in Table 3 with corresponding information for the five most 
recent cohorts of recruits aged 194 years. The curve of annual infection 
rates derived from the 11 cohorts of recruits (part of which was given in the 
final column of Table 2) was applied to each cohort of schoolboys. The 
number of years by which this curve had to be shifted, either forwards (+ ) 
or backwards (—), to reproduce the observed prevalence of tuberculous 
infection at each survey (see Appendix), is shown in Table 3. 

Most of the shifts are small, and negative, and this corresponds to a slightly 
lower level of annual risks of infection among the schoolboys than among the 
recruits. The average shifts are shown for each age-group at the foot of the 
table, together with the annual risk of infection at the beginning of 1950 for 
each age-group. There is no definite trend with age, and it therefore seems 
that there is little variation in the risk of tuberculous infection during ado- 
lescence. This point is examined in greater detailin the Appendix. The slight- 
ly higher rate for the recruits may perhaps reflect a tendency for this group to 
have been drawn from a rather different section of the population from the 
schoolchildren, or there may have been slightly different ‘levels’ of perform- 
ance of the test, and of reading the results, in the two sets of surveys. 

Table 4 gives corresponding information for the schoolgirls aged 125 to 
184 years. The shifts in the curve of annual infection rates are all (with one 
exception) negative, and larger on average than for the schoolboys. It would 
therefore appear that the risk of tuberculous infection was uniformly lower 
for girls than for boys throughout this age-range. 

Omitting those aged 124 and those aged 184, because of the relatively small 
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TABLE 3 


Extent of the shift in the basic curve of annual risk of tuberculous infection 

which is required to reproduce observed prevalence of tuberculous infection for 

schoolboys aged 124 to 184 years and recruits aged 194 years, tested from 
1962 to 1966 


a al 


Age at survey in years 


124 134 144 154 
Year of Cohort Req. Cohort Req. Cohort Req. Cohort Req. 
survey (born on _ shift shift shift shift 
(mid-year) average on (yrs) 
Jan. 1) 
1962 1950 —0.27 1949 —0.50 1948 —0.11 1947 —0.05 
1963 1951 —0.16 1950 —0.62 1949 —0.39 1948 —0,36 
1964 1952 —0.79 1951 —0.25 1950 —0.90 1949 —0.84 
1965 1953 —1,53 1952 +0.41 1951 +0.81 1950 —0,34 
1966 1954 —1,55 1953 —1.94 1952 —1.59 1951 +1.06 
Average shift —0.86 —0.58 —0.44 —0.11 
Corresponding 
annual risk at 
1950 (percent.) 0.49 0.51 0.52 0.54 


SR ee 
Age at survey in years 
164 174 184 194 


Sn ee 2. 
Year of Cohort Req. Cohort Reg. Cohort Req. Cohort Req. 


survey (born on _ shift shift shift shift 
(mid-year) averageon (yrs) 
Jan. 1) 
iS lee 
1962 1946 —0.33 1945 —0.82 1944 —0.09 1943 —0.07 
1963 1947 —0.07 1946 —0.47 1945 —0.39 1944 —0.41 
1964 1948 —0.61 1947 —0.16 1946 —0.48 1945 —0.18 
1965 1949 —0.28 1948 —0.18 1947 +0.32 1946 +-0.20 
1966 1950 —0.39 1949 —0O.58 1948 —0.63 1947 +0.15 
ee ltt 
Average shift —0.34 —0.44 —0.26 —0.06 
Corresponding 
annual risk at 
1950 (percent.) 0.53 0.52 0.53 0.55 
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TABLE 4 


Extent of the shift in the basic curve of annual risk of tuberculous infection 
which is required to reproduce the observed prevalence of tuberculous infection 
for schoolgirls aged 12} to 184 years tested from 1962 to 1966 


EE 


Age at survey in years 


124 134 144 153 
ee oe ethno A ear ttl ae a i ES ON i ES 
Year of Cohort Req. Cohort Req. Cohort Req. Cohort Req. 
survey (born on _ shift shift shift shift 
(mid-year) average on (yrs) 
Jan. 1) 
i 
1962 1950 —0.58 1949 —0.75 1948 —1.00 1947 —0.70 
1963 1951 —0.48 i950 —1.08 1949 —0.63 1948 —0.75 
1964 1952 —2.05 1951 —0.97 1950 —1.80 1949 —1.43 
1965 1953 —2.87 1952 —0.98 1951 +0.03 1950 —1.16 
1966 1954 —2.51 1953 —3.02 1952 —2.07 1951 —0.30 
Rs ee 
Average shift —1.70 —1.36 —1.09 —0.87 
Corresponding 
annual risk at 
1950 (percent.) 0.44 0.46 0.48 0.49 


De eEeEeEeeeeee 


a 
Age at survey in years 


164 174 184 
Year of Cohort Req. Cohort Req. Cohort Req. 
survey (born on _ shift shift shift 
(mid-year) average on (yrs) 
Jan. 1) 
Cee, EE 
1962 1946 —0.68 1945 —1.04 1944 —0.98 
1963 1947 —0.60 1946 —0.83 1945 —0.84 
1964 1948 —1.23 1947 —1.25 1946 —0.94 
1965 1949 —0.23 1948 —0.46 1947 —0.99 
1966 1950 —0.92 1949 —0.6l 1948 —0.87 
Average shift —0.73 —0.84 —0.92 
Corresponding 
annual risk at 
1950 (percent.) 0.50 0.49 0.49 
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numbers tested at these ages, the average shift of the curve of annual infection 
rates was — 0.343 years for boys aged 134 to 174 years, and —0.995 years for 
girls aged 134 to 174. The curve of annual infection rates derived from the 11 


TABLE 5 


a 


Annual risks of tuberculous infection in The Netherlands from 1910 to 1969, 
derived from the findings of tuberculin surveys, with possible alternative risks 
for the period 1933 to 1947 


Year Annual risk Possible Year Annual risk Possible 
of tuberculous alternative of tuberculous alternative 
infection (%) risk* (°%) infection (°%) risk* (°%) 

1910 11.31 1940 2.08 i.72 

11 10.74 41 1.82 1.70 
12 10.20 42 1.58 L.72 
13 9.68 43 1.38 1.78 
14 9.18 44 1.20 1.90 

1915 8.72 1945 1.05 2.10 

16 8.27 46 0.92 1.45 
17 7.85 47 0.80 1.00 
18 7.44 48 0.70 
19 7.06 49 0.61 
1920 6.69 1950 0.53 
21 6.35 51 0.46 
22 6.02 52 0.40 
23 5.71 53 0.35 
24 5.41 54 0.30 
1925 5.13 1955 0.265 
26 4.86 56 0.231 
27 4.61 7 0.202 
28 4.37 58 0.176 
29 4.14 59 0.153 
1930 3.92 1960 0.133 
31 3.72 61 0.116 
32 3.52 62 0.101 
33 3.34 3.09 63 0.088 
34 3.16 2.42 64 0.077 
1935 2.99 2.42 1965 0.067 
36 2.84 2.18 66 0.058 
3? 2.69 2.00 67 0.051 
38 2.55 1.87 68 0.044 
39 2.41 1.78 69 0.038 


a ee 
* A smoothed series derived from the mortality rates from tuberculous meningitis in 


children aged 0-4 years (in Table 14); the consequences of this alternative series are exam- 
ined in Section III. 
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cohorts of recruits was therefore shifted by half the difference between the 
shifts for the boys and the girls (—0.326 years) to give a curve of annual 
infection rates which would be appropriate for a group with equal numbers 
of the two sexes. This new curve has been adopted as a standard curve of 
estimated annual tuberculous infection rates for the Netherlands, covering 
the period from 1940 onwards. The reason why it has not been extended 
further back in time will become apparent below. The percentages infected 
during each year, according to this standard curve, are shown on the right 
hand side of Table 5. 


(4) Use of the information from children up to 13 years of age tested in four 
surveys between 1926 and 1947 


Four surveys of tuberculin sensitivity, in children stated not to be in contact 
with tuberculosis at home, were made by the Amsterdam Chest Clinic in 
1925-27, 1933-35, 1938-40 and 1946-48 (Heynsius van den Berg, 1962). Each 
survey included children throughout the age-range 0-14 years; the method 
of testing was the von Pirquet test (without adrenalin), and the result of the 
test was recorded simply as ‘positive’ or ‘negative’. The percentages positive 
at different ages in these four surveys are shown in Table 6. The figures were 
read from the published graph, the original data from these surveys no longer 
being available. It is not possible to discover how representative these 
findings are, but they can provide a good indication of the trend in the risk of 
infection in the Netherlands during the period up to the second World War. 

There are two difficulties in using this information to extend the curve of 
annual tuberculous infection rates for the Netherlands backwards in time. 
One is the lack of exact knowledge how closely a positive result to a von 
Pirquet test corresponds to an induration of 8 mm or more to the standard 
tuberculin test in the Netherlands in the more recent surveys. It appears from 
the studies summarised by Hart (1932) and also from that undertaken by 
Madsen and Holm (1935) that these two tests are probably nearly equivalent, 
and it will be assumed below that this is so, and consequently that a positive 
result to the von Pirquet test is indicative of a past tuberculous infection. 

The second difficulty in using the information is the very high prevalence 
of positivity to the von Pirquet test, in each survey, among those aged less 
than 2 years, suggesting that the risk of tuberculous infection was much 
greater under the age of 2 years than among older children. There are two 
possible explanations for this. One is that the von Pirquet test may at each 
age have given a proportion of positive results in children who had not had a 
past tuberculous infection; if this was so, the largest effect would be observed 
among the youngest groups, because the proportions genuinely infected with 
tubercle bacilli in these groups would be small. Moreover, the effect would 
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be to inflate the percentage found to be positive at each age above the true 
value for the percentage infected. This effect would explain an inconsistency 
between the findings of the 1946-48 survey and the later findings among the 
recruits. For example, those aged 104 in 1946-48 (24.4 percent positive to the 
von Pirquet test — Table 6) represent the same cohort as those aged 194 in 
1956 (only 21.5 percent positive to the Mantoux test at the 8 mm criterion — 
Table 8). > 

The other explanation is that the risk of tuberculous infection under the 
age of 2 years was genuinely higher than among older children, as a result of 
infection with bovine tubercle bacilli from unpasteurised milk. Bovine 
tuberculosis was common in the Netherlands before the second World War 
and obligatory pasteurisation of milk was introduced only in 1940. To 
overcome this difficulty, only the information at ages 24 years and more has 
been used when estimating the annual risks of infection from the four surveys. 

The method used was very similar to that used above for the later period. 
The aim was first to obtain a smooth curve of annual infection rates and then 
to discover an appropriate position for this on the time scale, by moving it to 
the position in which it best reproduced the observed prevalence figures. 

The smooth curve of annual infection rates was obtained as follows. Each 
of the four surveys provides a series of values of Q, ,. For example, the 
survey in 1925-27 may be regarded as having been made on average in the 
middle of 1926 (and will henceforth be referred to as the 1926 survey). Those 
. aged 24 (i.e. in their third year of life) at the survey will on average have been 
born at the beginning of 1924, those aged 34 at the beginning of 1923, and so 
on. These tests made in 1926 therefore provide values of Q,.5, 1024, Q3.5.1023> 
Q4.5, 19229 *** Q13.5, 1913. 

Using formula (1) and making an appropriate adjustment for the half year 
of age, we may write: 


Q3.5,1023 = 91923 91924 ° 94925 ‘s/ Qaops 
and 


OQ, 5. 1924 ~ 41924 ° 1025 a/ davne 


Therefore Q3.5, 1923 divided by Q>.s, 1024 gives an estimate of g,o53. 
Similarly Q4.5, 1922 divided by Q3.5, 1923 gives an estimate of g,o55, and so 
on. From these ratios of successive prevalence figures from age 24 to age 
134, each survey therefore provides estimates of the values of Gy for a series 
of 11 consecutive years, and ihe four Surveys together provide 44 estimates 
of q, for four different, but overlapping, | l-year periods. 

The 44 values of log (—log 4s) appeared to lie approximately on a straight 
line (it will be recalled that this also applied to the corresponding values 
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from the surveys of recruits) and so a straight line was fitted to these values, 
using the standard linear regression technique, and regarding all 44 values as 
of equal ‘weight’. This line was extended in both directions, and, when 
expressed in terms of p, provided the required smooth curve to describe the 
downward trend of the risk of tuberculous infection in Amsterdam school- 
children in the years before and during the second World War. 

The best position for this smooth curve on the time-scale was deter- 
mined from a comprehensive analysis, similar to that undertaken for the 
recruits. The amount by which the curve had to be shifted along the time- 
scale, to reproduce each of the observed prevalence figures of tuberculous 
infection from age 34 to age 134, in each of the four surveys, was determined. 
These amounts were averaged, and the curve was moved by the average 
amount. The four surveys cover children born or observed between the 
years 1913 and 1947, and this new curve has been adopted as a standard curve 
of annual tuberculous infection rates for the Netherlands, covering the 
period from 1910 onwards. The percentage infection risks during each year, 
according to this standard curve, are shown on the left hand side of Table 5. 
The downward slope of this standard curve is not as steep as that derived 
from the later surveys of schoolchildren and recruits. The reasons for this 
will be discussed later in this report. However, because of the difference in 
slope, the two curves cross between 1939 and 1940. This means that there 
are two sets of estimated infection rates for the period 1937 to 1939 (the 
estimates from the later surveys being greater than those from the earlier 
surveys) and two sets for the period 1940 to 1947 (the estimates from the 
earlier surveys being the greater). The estimates from the earlier surveys 
have been preferred for 1937 to 1939, and those from the later surveys for 
1940 to 1947. 


25 


Iii. VALIDITY OF THE ESTIMATES OF ANNUAL RISK OF 
TUBERCULOUS INFECTION 


The validity of the set of estimates of the annual risk of tuberculous infection 
in the Netherlands between 1910 and 1969, given in Table 5, may be checked 
by investigating whether they reproduce satisfactorily the prevalence figures 
at different ages in each of the surveys described above. The observed prev- 
alences of tuberculous infection at different ages in the different surveys are 
shown in Tables 6, 7, and 8, together with the prevalences calculated from 
the series of annual infection rates (Columns (1) in Table 8). It will be seen 
that the agreement is in general very close, particularly for the cohorts 
observed after the second World War. It is therefore evident that the series 


TABLE 6 


Observed percentage prevalence of tuberculous infection at ages 34 to 1 34 years 
in four surveys, and the prevalence calculated from the standard series of annual 
risks of tuberculous infection in Table 5 


spss essen itn toesceeemeniensnaiatesiaeesiipeueemeseememmiiies 
Year of survey 
Te eS 


Age at 

survey in 1925-27 1933-35 1938-40 1946-48 

years Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. 

a 
34 33.3 33.6 25.4 25.5 18.6 17.8 13.5 13.0 
4} 36.9 37.6 26.4 28.4 20.7 20.3 15.1 14.2 
54 39.4 41.6 28.6 31.4 23.5 22.8 16.7 13.3 
64 42.5 45.5 32.2 34.4 ba | 25.4 16.9 17.1 
74 45.3 49.3 35.7 37.4 27.9 28.0 19.6 18.8 
84 47.8 53.1 39.0 40.4 30.3. 30.7 21.1 20.7 

4 50.8 56.8 42.1 43.5 32.8 33.4 22.6 22.7 

104 53.9 60.4 44.7 46.5 35.4 36.1 24.4 24.8 
114 $7.6 63.8 47.6 49.6 3733 38.9 25.3 26.9 
124 60.8 67.1 49.6 52.6 40.0 41.7 27.1 29.1 
134 64.4 70.3 pt J 55.6 42.8 44.6 28.5 31.4 


Sl el 
Source of observed prevalence: Heynsius van den Berg, M.R. (1962) Leerboek der tuber- 


culosebestrijding. The Hague, K.N.C.V., p. 149. There is no longer any record of the 
numbers tested in these surveys. 
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Age at survey 


TABLE 7 


Observed percentage prevalence of tuberculous infection at ages 124 to 184 
years from 1962 to 1966 (average for both sexes) and the prevalence calculated 
from the standard series of annual risks of tuberculous infection in Table 5 


Year of survey (mid-year) 


1962 1963 1964 1965 1966 


¢ Total Percent. Total Percent. Total Percent. Total Percent. Total Percent. 
By tested prevalence tested prevalence tested prevalence tested prevalence tested prevalence 
=| 


Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. 


124 53,716 3.28 3.32 59,111 2.90 2.90 60,462 2.19 2.53 73,385 1.72 2.21 40,716 1.53 1.93 


134 93,628 3.76 3.91 118,058 3.18 3.41 115,787 2.87 2.98 135,266 2.62 2.60 114,930 1.70 2.27 
95,701 4.44 4.58 125,736 3.90 4.00 125,130 3.04 3.49 138,465 3.38 3.05 148,178 2.17 2.66 
154 71,463 5.31 5.34 102,641 4.53 4.67 101,733 3.66 4.08 113,714 3.36 3.56 127,490 3.44 3.11 
164 40,652 6.06 6.21 74,780 5.42 5.43 75,114 4.38 4.75 82,736 4.18 4.15 97,166 3.46 3.62 
174 21,700 6.64 7.19 39,205 6.03 6.29 49,355 5.24 5.51 55,507 4.82 4.81 66,397 4.06 4.21 


184 12,754 8.10 8.31 19,068 7.01 7.28 25,037 6.06 6.37 34,604 5.59 5.57 40,250 4.60 4.87 


Source of observed prevalence data: Staatstoezicht op de Volksgezondheid, Tuberculine- 
schoolonderzoek, 1962-66. 


TABLE 8 


Observed percentage prevalence of tuberculous infection at ages 193 years from 

1956 to 1966 (males only), and the prevalences (1) calculated from the standard 

series of annual risks of tuberculous infection for males given (in part) in 

Table 2; and (2) calculated from the series of possible alternative annual risks 
given in Table 5 


i 


Age 194 years Age 194 years 
Year of Year of 
survey Total Observed Calculated survey Total Observed Calculated 
(mid- tested prevalence prevalence (mid- tested prevalence prevalence 
year) (%) (%) year) (%) (%) 
(1) (2) (1) () 
i 
1956 40,217 21.5 20.7 20.9 1962 45,124 9.9 10.0 12.5 
1957 38,163 18.5 18.7 19.5 1963 44,600 8.3 8.8 11.1 
1958 37,365 17.2 16.7 18.2 1964 38,395 to 7.7 9.6 
1959 41,101 14.7 14.7 16.6 1965 38,999 6.9 6.7 7.9 
1960 42,870 12.9 13.0 15.3 1966 42,458 6.0 5.9 6.3 
1961 44,918 11.8 11.4 13.9 


Source of observed prevalence data: Staatstoezicht op de Volksgezondheid, Tuberculine- 


schoolonderzoek, 1962-66. 
Calculated prevalence: (1) From the standard series of annual risks of tuberculous infec- 


tion for males. 
(2) From the series of possible alternative risks of tuberculous 


infection in Table 5. 
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FIG, 2 
Annual risk of tuberculous infection (%), The N etherlands 1910-1980 
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of rates in Table 5 provides an extremely good indication of the way in 
which infection rates have changed in the Netherlands during a period of 
more than fifty years. Indeed, it is surprising that such a simple model, 
represented by one curve for the period from 1910 to 1939 (for all ages up to 
134 years), and by a second curve for the period from 1940 onwards (for all 
ages up to 194 years) should have reproduced so satisfactorily the findings for 
such a large number of individual cohorts of children examined at different 
ages. 

A feature of this series of rates is that it suggests that there was no inter- 

ruption in the steady decrease in infection risks in the Netherlands during the 
second World War. As a further check on the validity of these estimates, 
therefore, the effect of simulating an interruption in the decrease of infection 
risks was studied. 
- Figure 7 shows that the mortality rate from tuberculous meningitis in 
children aged 0-4 years in the Netherlands, which is likely to be closely 
related to the risk of tuberculous infection, showed a trend different from 
that of the series of infection risks between about 1933 and 1947 (after which 
year the mortality rates are uninformative because of the introduction of 
chemotherapy). A smooth alternative series of infection risks for these 15 
years was therefore derived, which followed the mortality figures for tuber- 
culous meningitis. This alternative series, which is shown in Table 5, was 
used instead of the original series of infection risks to simulate the effects of 
an interruption in the steady decrease of infection risk. 

The effect of this simulation on the calculated prevalence of tuberculous 
infection at age 194 years for the cohorts of recruits (born from 1937 to 1947) 
is shown in the columns headed (2) in Table 8. Although the prevalences 
calculated from the alternative series of risks are only slightly higher than the 
observed prevalences for the first and last cohorts, the values for the inter- 
vening cohorts are all substantially higher. For example, for the cohort 
observed in 1962 the observed prevalence was 9.9 percent, compared with a 
calculated prevalence of 12.5 percent derived from the modified series of 
infection risks. However, the calculated prevalence derived from the stan- 
dard series of infection risks was 10.0 percent, which is much closer to the 
observed prevalence. 

It is evident that the modified series of risks does not adequately reproduce 
the observed figures. This confirms the essential validity of the set of esti- 
mates of annual risks given in Table 5, and indicates that there was no inter- 
ruption during the war years in the steady decrease in the risk of tuberculous 
infection. 
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IV. ESTIMATES OF THE ANNUAL RISK OF INFECTION UP 
TO THE AGE OF TWENTY YEARS FOR PREDICTION PURPOSES 


One of the main aims in deriving the above series of infection risks was, if 
possible, to predict the likely status of the population in the Netherlands, in 
relation to new and past tuberculous infection, during the next twenty or 
thirty years. Because the decrease in the risk of tuberculous infection in the 
Netherlands since 1940 has been so remarkably regular, a confident estimate 
of the future trend in the risk of infection can be made by extending the curve 
in Table 5 onwards from 1969. It has been assumed for prediction purposes 
that the present trend will continue until 1980, by which time the annual 
infection risk would be 0.0085 % (Figure 2). To guard against the possibility 
that any further decrease might represent too extreme an assumption, it will 
be assumed that thereafter the infection risk will remain constant at this 
value. 

With the aid of this extrapolated series of rates it is possible to make com- 
prehensive estimates, both of the prevalence of past infection and the inci- 
dence of primary infection in the Netherlands, for each of the cohorts born 
in the years from 1910 to 1960, up to the age of 50 years. However, the 
estimated risks of infection were derived from surveys of children and ado- 
lescents, and it is not known whether the risks are the same as these above the 
age of twenty. It is also possible that there may be some increase in the risk 
of infection during adolescence (see Appendix). It is therefore advisable to 
examine the consequences of various assumptions about the risk of infection 
in relation to age, above an age of about thirteen years. As explained in the 
next section three separate sets of assumptions have been made, and their 
consequences studied, to give an indication of the limits within which the 
future tuberculosis situation in the Netherlands is likely to vary. 
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V. ASSUMPTIONS MADE ABOUT THE RISK OF INFECTION 
BETWEEN AGES 14 AND 50 YEARS FOR PREDICTION PURPOSES 


The results given above suggest that the risk of tuberculous infection in a 
calendar year may be regarded as being constant at least up to an age of 
about 13 years. It is widely believed that the risk of tuberculous infection 
may be greater among adolescents and young adults than among children or 
older people. There is a little evidence in the present study that there may be 
some increase of the infection risk during adolescence, but it is not strong, 
and it relates only to the surveys made during the past few years, when the 
risk of infection was very low (see Appendix). However, in framing assump- 
tions about the risk of infection, it is necessary to take the possibility of 
increased risks among adolescents and young adults into account, because 
they will influence the prevalence and incidence figures from age 14 up to the 
age of 50 years. 

Prevalence and incidence data up to the age of 50 years have therefore 
been simulated on three different assumptions. 

Assumption (A): No increase of the risk of infection with age after 13 years 
of age. 

Assumption (B): An increase of the risk of infection with age after 13 years 
of age and a subsequent decrease, as follows: 


Age (years) Ratio of the risk to the 
risk at 0-13 years 


14 Mi 


15 | $F 
16 1.3 
17 1.4 
18-20 iv 
21 1.4 
22 iS 
23 he 
24 1.1 
25-50 1.0 
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This assumption corresponds to an increase in infection risk during ado- 


lescence, diminishing again by the age of 25. 
Assumption (C): An increase of the risk of infection with age after 13 years 


of age, and a subsequent decrease, as follows: 


Age (years) Ratio of the risk to the 
‘ risk at 0-13 years 
i4 1.1 
15 1.2 
16 1.3 
17 1.4 
18-25 1.5 
26 1.4 
27 1.3 
28 1.2 
29 1.1 
30-50 1.0 


This assumption corresponds to an increase in infection risk during ado- 
lescence, the higher level persisting until the age of 25, and diminishing again 
by the age of 30. 

Appendix Table A shows prevalence and incidence figures per 100,000 
population at each age from 0 to 50 years for cohorts from each year from 
1910 to 1960, calculated on a computer. The upper two lines for each cohort 
give the prevalence of tuberculous infection (first line: 0-24 years of age; 
second line: 25-50 years). The lower two lines give the annual incidence of 
new infections (third line: 0-24 years; fourth line: 25-50 years). 

To facilitate the understanding of Appendix Table A, and to compare the 
effects of the three assumptions, average prevalence and annual incidence 
figures were also calculated on the computer for groups of five cohorts, in 
five-year age-groups. The results of this analysis are given in Tables 9 
(prevalence) and 10 (incidence). In each table the figures below the heavy 
diagonal line correspond to future predictions. 

, Table 9 shows that the prevalence figures at ages 16-20 years for assump- 
tions (B) and (C) are slightly higher than those for assumption (A), but not 
by more than 1.3 percent. The differences at older ages are more pronounced 
but even there they do not exceed 4.0 percent. It is important to note that 
for the cohorts born in 1940 or later, the prevalence figures up to the age of 
50 do not differ by more than 0.5 percent at any age, according to the three 
assumptions. 

Table 10 shows the annual incidence figures of primary tuberculous infec- 
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TABLE 9 


Estimated percentage prevalence of tuberculous infection in cohorts born in 
1910-14 to 1955-59 in five-year age-groups according to three assumptions on 
the dependence of the risk of infection on age, The Netherlands 


Age-group (years) 


Cohort 11-15 16-20. 21-25. 26-30. 31-35 36-40 = 41-45 46-50 
born in OM M2 OM M2 OW @® @e @ 


(A) 64.0 71.6 76.3 D2 80.9 81.7 82.0 82.2 
1910-14 (B) €4.0 — 72.91.3 79.02.7 81.92.7 83.32.4 8402.3 8432.3 84.5 2.3 
(C) 64.0 — 72.913 79.33.0 32.93.7 8443.5 85.03.3 85.33.33. 85.5 3.3 


(A) 54.0 61.6 66.4 69.1 70.4 71.0 71.3 71.4 
1915-19 (B) 54.0 — 62.91.3 69.43.0 72.13.0 73.22.8 73.82.8 74.02.7 74.2 2.8 
(C) 54.0 — 6291.3 69.73.3 73.14.0 74.33.9 74.83.8 75.13.8 75.23.8 


(A) 44.6 51.6 55.4 573 58.2 58.6 58.8 58.9 
1920-24 (B) 44.6 — 52.81.2 5812.7 60.02.7 60.82.6 61.22.6 61.42.6| 61.5 2.6 
(C) 44.6 — 52.81.2 58.32.9 60.73.4 61.63.4 62.03.4 62.2 3.4| 62.3 3.4 


(A) 36.0 41.1 43.6 44.7 45.3 45.6 45.8 45.8 
1925-29 (B) 3610.1 42.00.9 45.41.8 46.61.9 47.21.9 47.5 1.9] 47.61.8 47.7 1.9 


(C) 36.10.1 42.00.9 45.51.9 47.12.4 47.72.4 48.02.4] 48.12.3 48.2 2.4 


(A) 27.2 30.3 31.7 32.4 32.8 33.0 33. 33.41 
1930-34 (B) 27.30.1 30.80.5 32.81.1 33.61.2 33.91.1] 34.1.1.1 34.21.1 34.3 1.2 
(C) 27.30.1 30.80.5 32.91.2 33.91.5 34.3 1.5] 34.51.5 3461.5 34.6 1.5 


(A) 18.1 19.8 20.6 21.0 VA BS 21.4 21.4 21.5 
1935-39 (B) 18.1 — 20.10.3 21.30.7 21.70.7] 21.90.6 22.00.6 22.10.7 22.1 0.6 
(C) 18.1 — 20.10.3 21.30.7 21.90.9| 22.10.8 22.30.9 22.30.9 22.3 0.8 
(A) 10.0 10.9 11.4 11.6 1h Py 11.8 11.8 11.9 
1940-44 (B) 10.0 — 11.10.2 11.70.3] 12.00.4 12.10.4 12.20.4 12.20.4 12.30.4 
(C) 10.0 — 11.10.2 11.80.4)12.10.5 12.20.5 12.305 12.30.5 12.405 


(A) 5.1 5.6 5.9 6.0 6.1 6.1 6.2 6.2 
1945-49 (B) 5.1 — 5.70.1] 610.2 620.2 630.2 630.2 6402 640.2 
(Cc) 51 — 5.701} 610.2 6303 630.2 640.3 6402 6.5 0.3 
(A) 2.6 PP 3.0 toh | 3.2 3.2 3.2 
1056-54 (8) 2.6 ec} 29 — 3.101 3.201 3201 3301 3301 54 0.2 
CC) 26—| 29 — 3.101 3.201 3.302 3.301 3.3 0.1 3.40.2 
(A) | 1.3 1.5 | 1.6 1.6 L/ L/ 1.7 
1955-69 (B) | 13 — 15 — 8601 16— 1701 17 — 1801 1.8 0.1 
Mm i13a— 15— 1604 16— 1701 17 — 1601 1.80.1 


gS 
(1) = Estimated percentage prevalence of tuberculous infection. 

(2) = Increase of prevalence on assumptions (B) and (C) compared with assumption (A). 
(A) = No increase of the risk of infection with age after 13 years of age. 

(B) = An increase in the risk of infection between 13 and 25 years of age (see text). 

(C) = An increase in the risk of infection between 13 and 30 years of age (see text). 


33 


tion under each of the three assumptions. In contrast to the prevalence 
figures in Table 9, Table 10 shows that the incidence of primary infection 
among adolescents and young adults is substantially influenced by the 
assumptions on the risk of infection and age in those cohorts in which the 
average annual risk of infection is high. In the cohort born in 1910-14, on 
average 1,230 persons per 109,000 aged 15-19 and 775 persons per 100,000 
aged 20-24 would have been infected annually in the Netherlands during the 
periods 1925-29 and 1930-34 respectively, if the risk of infection did not 
depend on age. However, in the same cohort some 1,627 persons aged 15-19 
and 914 aged 20-24 would have been infected according to assumption (B); 
and 1,627 and 1,033 subjects respectively according to assumption (C). On 
the other hand, the numbers of primary infections among those aged 30 
years and more would have been slightly lower on assumption (B) and (C) 
than on assumption (A). 

Again for prediction purposes it is important to note that the differences 
between the three series of incidence data are of little importance for the 
more recent cohorts, as the absolute numbers infected would be small (see 
Table 10). 

The results of the three series of prevalence and incidence figures in relation 
to a possible dependence of the infection risk on age in adolescents and 
young adults therefore reveal that in the Netherlands, with the present trend 
in the risk of tuberculous infection, the existence of such a dependence would 
make no important practical difference to future predictions. 

In the later sections of this paper we shall therefore present data on the 
prevalence and incidence of infection based on the assumption that there is 
no increase in the risk of infection with age after 13 years of age. 
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TABLE 10 


Estimated mean annual incidence of primary tuberculous infection per 100,000 

population in five-year age-groups for cohorts born in 1910-14 to 1955-59 

according to three assumptions on the dependence of the risk of infection on age, 
The Netherlands 


Age-group (years) 


Cohort 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 
born in Mg de wd @dMe2 @MQ ®EQ A @ WO 
(A) 2074 1230 775 481 236 113 55 27 
1910-14 (B) 2107 +33 1627 +397 914 +139 419 —62 206 —30 98 —15 48 —7 23 —4 
(C) 2107 +33 1627 +397 1033 +258 528 +47 192 —44 92 —21 45 —10 22 —5 
(A) 1998 1257 782 385 184 90 44 22 
1915-19 (B) 2030 +32 1678 +421 952 +170 347 —38 166—18 81 —9 40 —4 20-2 
(C) 2030 +32 1678 +421 1074 +292 448 +63 159 —25 78 —12 38 —6 19 —3 
(A) 1818 1132 339 267 130 64 32 16 
1920-24 (B) 1849 +31 1515 +383 702 +143 249 —18 122 —8 60 =4/30=—2115 =i 
(C) 1849 +31 1515 +383 790 +231 326459 119-11 59 —5 29 —3|, 14 —2 
(A) 1500 741 354 173 85 42 vay | 10 
1925-29 (B) 1523 +23 995+254 456+102 167 —6 82 —3 41 —1/20 —1 10 — 
(C) 1523 +23 995 +254 515 +161 220+47 82 —3 40 —2)20 —1 10 — 
(A) 919 439 215 106 33 26 13 cf 
1930-34 (B) 933+14 593+154 281 +66 104 —2 52 —1| 26 — 13 — i 
(C) 933 +14 593 +154 3174102 138 +32 S51 —2] 26 — 13 — t= 
(A) 517 253 125 62 a 15 8 | 
1935-39 (B) 525 +8 343 +90 165 +40 6f —1)31 — 15 — Ss = 1.—= 
(C) 525 +8 343 +90 186 +61 81419) 31 — 15 — cs — 6=1 
(A) 285 141 70 35 17 9 7 7 
1940-44(8) 269 +4.191 +50 93 423/35 — 17 —..39.— 1. =. = 
(Cc) 289 +4 191 +50 105 +35), 46+11 17 — 9 — 7 =| 1 =— 
(A) 150 74 37 18 10 8 8 8 
1945-49(B) 153 +3 101 +27) 49 +12 18 — 10 — 8 = 8 — 8 — 
iG 3 43.101 +77, 36 +19 Oty we §& = 2 o — 
(A) 77 38 19 10 8 8 8 8 
1950-54 (B) 78 +1 nuns sew =e] 8b — § — t= 
(>: 7S #1 c-ci4 179 +90 13 458 8 te 80 — 8) eS 
(A) | 39 19 10 8 8 8 8 8 
1955-59 (B) | 40 +1 me ats SS 3.06 § —- 8s + 8 = 8 = 
(C) |, 40 +1 ss +8 6 +6. 1643. § — 6, — 5 = 3" 


(1) = Estimated annual incidence of primary tuberculous infection. 
(2) = Increase of incidence on assumptions (B) and (C) compared with assumption (A). 
(A) = No increase of the risk of infection with age after 13 years of age. 
(B) = An increase in the risk of infection between 13 and 25 years of age (see text). 


(C) 


- An increase in the risk of infection between 13 and 30 years of age (see text). 
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VI. ESTIMATED PREVALENCE OF TUBERCULOUS INFECTION 
UP TO THE AGE OF 50 YEARS FOR COHORTS BORN FROM 
1910 TO 1960 


The estimates of prevalence of tuberculous infection in the cohorts born in 
the year 1910, and subsequently at five-year intervals, for those aged 4, 9, 
14 ... 49 years are given in Table 11 and Figure 3. For the individual cohorts 
each curve is similar in that the curves rise very steeply during childhood. 
The curve continues to rise less markedly during adolescence, and after 
about 25 years of age is nearly flat. However, the prevalence at individual 
ages has changed dramatically during the fifty years. For example, Table 11 
shows that the percentage prevalence at age 14 years was 70.0% for the 
cohort of 1910, but had already decreased to 3.5% for the cohort of 1950, and 
will have decreased to 0.9% for the cohort of 1960. At age 49 years, the 
prevalence for the cohort of 1910 was 86.0%, but is likely also to decrease 


TABLE 11 


Estimated prevalence of tuberculous infection per 100,000 population at five- 
year intervals for cohorts born from 1910 to 1960, The Netherlands 
(Risk of infection assumed independent of age) 


Ee EE ee. wee 
Cohort 


born in Prevalence of tuberculous infection at age (years) 
theyear 4 9 14 19 24 29 34 39 44 49 


ee ee Sk Met 
1910 35,790 58,352 70,027 76,656 80,694 83,288 84,783 85,481 85,819 85,985 


1915 28,578 48,599 59,967 66,892 71,341 73,905 75,101 75,680 75,966 76,108 
1920 22,566 39,691 50,123 56,826 60,689 62,490 63,363 63,794 64,008 | 64,114 
1925 17,661 31,903 41,054 46,328 48,788 49,980 50,568 50,860| 51,005 51,078 
1930 13,727 25,320 32,002 35,119 36,629 37,374 37,743 | 37,927 38,020 38,066 
1935 10,612 18,610 22,341 24,148 25,040 25,482| 25,702 25,813 25,869 25,903 
1940 6,698 10,975 13,046 14,069 14,575 [14,828 14,955 15,019 15,058 15,097 
4S 3,419. 5,666 6,775 7,325 [7,599 7,737 7,807 7,849 7,890 7,932 
1990 1,731 2,886 3,458 | 3,744 3,888 3,960 4,004 4,048 4,091 4,134 
1955 873 1,458] 1,749 1,896 1,970 2,015 2,059 2,103 2,147 2,191 
1960 437| 732-880-955 1,000 1,045 1,089 1,134 1,178 1,223 
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FIG. 3 


Estimated percentage prevalence of tuberculous infection in cohorts born from 
1910 to 1960 according to age, The Netherlands 
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steeply for later cohorts. The estimate for the cohort of 1960 at this age 
(which will be observed in the year 2009) is EP a A 


The similarity of shape of the curves in Figure 3, in spite of their very 
different levels, is brought out in Table 12, which shows the prevalence at 
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TABLE 12 


Expected prevalence at ages 4, 9, 14, 19, and 24 years expressed as percentage 
of the expected prevalence at the age of 50 years for cohorts born from 1910 to 
1955, The Netherlands 
2 re Eee 
Cohort born Relative prevalence reached at age of Percentage 


in the year prevalence 
4 yrs 9 yrs 14 yrs 19 yrs 24 yrs 50 yrs at age 50 


1910 42 68 81 89 94 100 86.0 
1915 38 64 79 88 94 100 76.1 
1920 35 62 78 89 95 100 64.1 
1925 35 61 80 91 96 100 $1.1 
1930 36 67 84 92 96 100 38.1] 
1935 41 72 86 93 97 100 25.9 
1940 44 73 86 93 97 100 15.1 
1945 43 71 85 92 96 100 7.9 
1950 42 70 84 90 94 100 4.1 
1955 40 66 80 86 90 100 22 
Average 40 67 82 90 95 100 — 


ages 4, 9, 14, 19, and 24 years for each cohort, relative to the expected prev- 
alence at age SO years in the same cohort (which is taken as 100). 

In each cohort about 40 percent of all infections up to the age of 50 occur 
during the first five years of life; at the age of 14 years about 80% of all 
infections up to the age of 50 years have already happened; and only 5°% of 
individuals are first infected between their 25th and 50th year. These relative 
percentages are nearly the same throughout a period when the expected 
prevalence of infection at age 50 decreased from 86.0% to 2.2%. 

The observed prevalences of infection in the various survey years can be 
compared with the expected prevalences in Figure 4. This shows the expected 
prevalence of infection by age, cohort, and calendar year, with the observed 
figures at ages 14 and 19 indicated by means of crosses. 

The observed and estimated infection prevalence figures at 14 years of 
age are closely similar, in spite of the fact that the 9 tuberculin surveys cover 
a period of forty years. The same is true for the estimated and observed 
figures for the 11 consecutive cohorts of recruits aged 19 years. 

This agreement (already shown in detail in Tables 6, 7 and 8) confirms the 
essential reliability of the series of annual infection rates on which the whole 
of Figure 4 is based, and therefore in particular the reliability of the projec- 
tions of the prevalence figures for the six cohorts beyond the year 1965 (shown 
by dashes on the Figure). } 
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FIG, 4 


Estimated percentage prevalence of tuberculous infection in cohorts born from 
1910 to 1960, The Netherlands 
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VIL. ESTIMATED INCIDENCE OF NEW TUBERCULOUS INFEC- 
TION UP TO THE AGE OF 50 YEARS, FOR COHORTS BORN FROM 
1910 TO 1960 


Data on the estimated incidence of infected individuals for cohorts born in 
1910 and at subsequent five-year intervals for those aged 4, 9, 14, ... 49 years 
are given in Table 13 and Figure 5. 

Table 13 and Figure 5 show that the effects of the steady decrease in the 
average annual risk of infection, from 11.31% in 1910 to 0.13% in 1960 
(Table 5), were different at different ages. For instance, the incidence of 
primary infection at the age of 4 was 5,898 per 100,000 for the cohort born 
in 1910, and only 77 per 100,000 for the cohort born in 1960. On the other 
hand, at the age of 49 years the corresponding figures were 21 for the 1910, 
and 9 for the 1960 cohort. The decrease was very much larger at age 4 than 
at age 49, and both the incidences at age 49 were low. 


TABLE 13 


Estimated annual primary incidence of tuberculous infection per 100,000 
population at five-year intervals for cohorts born from 1910 to 1960, The 
Netherlands 
(Risk of infection assumed independent of age) 
SE ee en. 


oe Estimated annual primary tuberculous infection at age (years) 
orn in 
the year 4 9 14 19 24 29 34 39 44 49 


1910 5,898 2,940 1,622 966 610 403 184 88 43 21 
1915 = 5,042 2,781 1,657 1,047 691 315 151 74 37 —s ‘18 


1920 4,190 2,496 1,577 1,041 474 228 112 a3 28 14 


1925 3,408 2.153 1,421 647s 311 153 76 38 | 19 9 
1930 2,727 1,801 820 394-193 96 48 | 24 12 6 
1935 2.155 982 471 231 «115 vip 7 7 
1940 1,125 540 265 131 66 | 33 16 8 ae 
1945 586 288 143 71 | 36 18 9 s | 
1950 300 149 744 | 38 18 10 9 4 9 9 
1955 152 7 | 3 19 1 9 > 9» oie 
1960 77 | 39 19 10 9 9 9 9 9 9 
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FIG, 5 


Estimated annuai incidence of primary tuberculous infection in cohorts born 
from 1910 to 1960, The Netherlands 
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In the youngest children, the decrease in incidence of primary infection is 
closely related to the decrease in risk of infection during the fifty years. 
However, the incidence of primary infection is the product of the risk of 
infection and the proportion of the population remaining uninfected at a 
particular age, and for older children and adults the second factor becomes 


4] 


important. Because the proportions of adults and older children remaining 
uninfected have increased during the fifty years, the decrease in the incidence 
of primary infection is much less among adults, and less among older children 
than among young children. 

It is convenient to consider the curves in Figure 5 in three different age- 
periods: “ 

(a) 0-14 years: There was an extensive, steady decrease in the incidence of 
primary infections from one cohort to the next. 

(b) 15-39 years: There was a similar decrease in the incidence from cohort 
to cohort after the cohort of 1930, but the incidence figures for the 1910 and 
1920 cohorts are very similar between the ages of 15 and 25 years. This is a 
consequence of the very high annual risks of infection to which these cohorts 
were subject, and will be examined more closely later in this section. 

(c) 40 years and over: The incidence of primary infections in all the cohorts 
was low above the age of 40 years. It is of particular epidemiological im- 
portance that the incidence of primarily infected individuals at this age was 
low for the 1910 and 1920 cohorts, and will remain low in the future for the 
later cohorts. 

In view of the similar incidence of primary infections between the ages of 
15 and 25 for the cohorts of 1910 and 1920, it is of interest to enquire what 
the situation was for earlier cohorts still. This involves making assumptions 
about the annual risk of tuberculous infection before 1910. The series of 
figures for the annual risk in Table 5 has been extended backwards for 15 
years, according to two assumptions: (1) The annual risk of infection for the 
period 1895 to 1909 was constant at 11.31 %» i.e. the risk calculated for the 
year 1910; (2) The annual risk of tuberculous infection decreased between 
1895 and 1910 at the same rate as it did from 1910 onwards (5% per year). 
This corresponds to a steady decrease in the annual risk of infection from 
19.0% in 1895 to 11.3% in 1910, 

Figure 6 presents the incidence figures according to calendar year instead 
of by cohorts, for the age-group 0-4, 15-19, 20-24, 30-34, and 40-44 years. 
Each curve (apart from that for 0-4 years which is complete) has been extend- 
ed backwards for 15 years along two lines. The upper line corresponds to 
assumption (1), of a constant annual risk of infection before 1910, and the 
lower line to assumption (2), of a decreasing risk before 1910. 

At ages 0-4 there was a steep decrease in the incidence of primary infec- 
tions from 1910 onwards, but at ages 10-14 the annual incidence remained 
nearly constant at a level of about 2,000 per 100,000 from 1910 to 1930 before 
beginning to decrease. 

At ages 15 to 19 and 20 to 24 the trends are of particular interest because of 
the serious consequences of primary infection at these ages. Despite the 
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FIG. 6 


Estimated annual incidence of primary tuberculous infection according to age, 
The Netherlands, 1910 to 1970 
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decrease in annual risk of infection after 1910, the annual incidence of new 
infections in these two age-groups first increased a little, then remained at a 
high level (about 1,000 per 100,000 population), and only decreased sub- 
stantially after 1940. 

At ages 30-34 there is also evidence of an initial increase in annual incidence 
of primary infections, with a peak ketween 1935 and 1940, but at a lower level, 
of about 200 per 100,000 population. The position is less clear at ages 40-44 
without more information about the annual risk of infection before 1895, 
but it is clear that the incidence of primary infections at these ages will never 
have been very high. 
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Vill. A PRACTICAL METHOD FOR ESTIMATING THE INFEC- 
TION RISK IN A PARTICULAR CALENDAR YEAR 


The approach used in Sections I to IV of this paper for estimating the average 
annual risks of tuberculous infection in the Netherlands is complicated, 
partly because nothing was previously known about the way in which the 
risk of infection was changing and this had to be carefully assessed, and partly 
because it was desirable in the process to make comprehensive use of the 
extensive prevalence data available in that country. As a result of this 
analysis it has been established that the risk of infection has been decreasing 
during each of two long periods of time in the Netherlands in a way which 
closely approximates to an exponential decrease, with different rates of 
decrease in the two periods. Moreover, there does not appear to have been a 
strong relationship between age and the risk of infection each year, so that it 
was reasonable to assign a single estimate of the risk to an individual calendar 
year. 

It is desirable for routine tuberculosis control to have a practical method 
of estimating annual risks of tuberculous infection in circumstances where 
there are much less extensive prevalence data than are available in the 
Netherlands. Such a method may be derived quite simply from the findings 
of the present study if it is assumed that, as in the Netherlands, any decrease 
in the risk of infection is nearly exponential, and that the risk does not vary 
with age. 

On these assumptions, equation (6) in the Appendix expresses the mathe- 
matical relationship between the proportion of the cohort, born at time 5, 
who have been infected by age a, and the annual risk of infection at a chosen 
time x. Appendix Table B, which is calculated from equation (6), consists of 
a series of tables for different ages, enabling the risk of infection to be deter- 
mined directly from the prevalence figure at the particular age. To use this 
table, one additional piece of information is needed, namely an estimate of 
the percentage decrease in the risk of infection each year. For each of the 
tabulated values of this percentage decrease, Appendix Table B gives the risk 
of tuberculous infection in the calendar year in which the prevalence was 
determined, and the risk a few years earlier (5 years earlier for those examined 
at ages 5-9 years, 10 years earlier for those aged 10-14 and 15 years earlier for 
those aged 15-19). 
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The only difficulty in using this table is the prior assessment of the per- 
centage decrease in the risk of infection each year. 


(a) If only one measure of the prevalence of infection is available, there is no 
alternative to guessing the annual percentage decrease in risk of infection. 
In this connection, the decrease in the annual infection risk in the Nether- 
lands amounted to about 5 percent annually before 1940, and about 
13 percent annually since 1940. 

(b) If more than one measure of the prevalence of infection is available, but 
at different ages, the best way of proceeding is as follows. Consider one 
prevalence figure. Using the section of Appendix Table B for the appro- 
priate age, consult the first columns, corresponding to an annual decrease 
of 1%, which will provide two estimates of the annual infection risk in 
different calendar years. Two more estimates, again on the basis of a 1% 
decrease, are obtained similarly for each prevalence figure. These esti- 
mates are all plotted on logarithmic graph paper (the infection risk along 
the logarithmic scale and the year along the arithmetic scale). A straight 
line with a decrease of 1% per year is then drawn as closely as possible 
through the points on the graph. The process is repeated for annual 
decreases of 3, 5, 7, 9, 11 and 13 percent. The best estimate of the per- 
centage decrease each year is provided by the graph for which the points 
lie closest to the straight line drawn on it, and this line will provide the 
required estimates of the annual infection risks each year over the period 
covered by the graph. 

(c) If, however, more than one measure of the prevalence of infection is 
available for subjects of the same age, an estimate of the annual percen- 
tage decrease may be derived directly from Appendix Table C, by divid- 
ing the entry in the table, corresponding to any two of the observed 
prevalences, by the interval in years between them. If there are several 
such estimates, they may be averaged. 


There are therefore two steps in assessing the annual risks of tuberculous 
infection from a prevalence figure: 


(1) Estimate the percentage decrease in the risk of annual infection 
(a) by guessing, if no other prevalence data are available; 
(t) by trial and error, as just explained, if other prevalence figures are 
available for subjects of a different age; 
(c) by use of Appendix Table C, if other prevalence figures are available 
for subjects of the same age. 
(2) Using this estimate of the percentage decrease, Appendix Table B will 
Provide direct assessments of the risk of tuberculous infection in two 
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calendar years, namely the year in which the prevalence was determined, 
and a few years earlier. The table may be used for percentage decreases, 
or for prevalences, which are not the same as those tabulated, by linear 
interpolation. 


As an example of the use of the method, consider the Dutch male recruits 
aged 194 years in 1966, for whom the observed percentage was 6.0. In 1956 
the corresponding figure was 21.5 percent. In Appendix Table C the closest 
entry, corresponding to 22 percent and 6 percent, is 139 and this, when divided 
by 10, the interval in years, gives an approximate annual percentage decrease 
in infection risk of 13.9 which has been taken as 13 for convenience. 

Appendix Table B gives the annual risks of infection. From the 1966 
prevalence figure, these are 0.069 percent for the year 1966 and 0.486 percent, 
for the year 1951. From the 1956 prevalence figure (by interpolation) the 
risks are 0.271 percent for 1956 and 1.886 percent for 1941. These may be 
compared with the smoothed values of 0.07, 0.49, 0.25 and 1.90 respectively 
for males from the comprehensive analysis in Section II (1) (the last of these 
figures, for 1941, is given in the final column of Table 2, but the figures for 
males in the other years are not tabulated). It is thus evident that this 
method represents a highly satisfactory alternative to the comprehensive 
approach of Sections I to IV, and would be of considerable practical value in 
territories with limited prevalence data. 
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IX. OTHER METHODS FOR ESTIMATING THE RISK OF TUBER- 
CULOUS INFECTION DURING CHILDHOOD IN DIFFERENT 
CALENDAR YEARS 


Extensive data on the prevalence of past infection, as available in the Nether- 
lands, are lacking in most countries. Two other methods for estimating the 
infection risk during childhood, which may be of value in countries with more 
limited data, will now be described. 


(1) Direct estimation of the infection risk at a particular age 


A direct measurement of the infection risk may be made by testing the same 
group of persons on two (or more) occasions. The infection risk is measured 
by calculating the percentage of persons who show tuberculin conversion 
during the intervening period. 

In order to compensate for technical variations in performing the tuber- 
culin test, it would be necessary to adjust this percentage to an unbiased esti- 
mate of the infection risk by subtracting from it the percentage of persons 
who appear to show reversion during the period. It might also be necessary 
to make allowance for the boosting effect of repeated tuberculin testing. 

This approach has been used by a number of workers in the past, notably 
in Denmark (Madsen, Holm and Jensen, 1942) and in Great Britain (Daniels 
et al., 1948) and is currently used extensively in Norway, both as an epide- 
miological and as a case-finding procedure (Galtung, personal communica- 
tion). Unfortunately it is not possible to make direct estimations of the 
infection risk in the Netherlands as the requisite data are not available (for 
example, those with 10 mm induration or more at earlier surveys are not 
retested). 

Moreover, it should be noted that in any scheme for direct measurement 
of the infection risk, information on the prevalence of tuberculous infection 
will automatically be collected at the same time. By applying the approaches 
of the present report to this prevalence data, estimates may be made both of 
the current infection risk and of past infection risks. The direct information 
on the conversion rate will provide a second estimate of the current risk of 
infection only, and its additional value is therefore limited. 
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(2) Estimation of the risk of infection from the number of cases of tuberculous 
meningitis in children aged 0-4 years 


The annual risk of infection can be estimated approximately from the number 
of cases of tuberculous meningitis in children aged 0-4 years (Holm, Rad- 
kovsky, personal communications). 

The estimated average risks of tuberculous infection from 1920 to 1949 are 
compared with the mortality rates from tuberculous meningitis in children 
aged 0-4 years in the Netherlands in Table 14 and Figure 7. This comparison 
shows that during the pre-chemotherapy era there was a close correlation 
between the risk of infection in a year, and the number of deaths from tuber- 
culous meningitis among children aged 0-4 years in that year. The ratio of 
the mortality to the risk of infection ranged from 0.7 to 1.0 percent between 
1920 and 1939. During the first three years of the second World War it 


FIG.. 7 


Mortality rate from tuberculous meningitis in children aged 0-4 years and 
annual risk of tuberculous infection, The Netherlands, 1920 to 1949 
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TABLE 14 


Mortality rate from tuberculous meningitis in children aged 0-4 in relation to 
the annual risk of tuberculous infection, The Netherlands, 1920 to 1949 
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Calendar Mortality rate from Annual risk of Risk of infection 
year tuberculous meningitis . tuberculous infection; as a percentage 
in children aged 0-4 : per 100,000 of tuberculous 
years; per 100,000 meningitis 
mortality 

1920 73.16 6,690 1.09 
1921 71.47 6,350 113 
1922 63.46 6,020 1.05 
1923 60.00 5,710 1.05 
1924 57.01 5,410 1.05 
1925 49.28 5,130 0.96 
1926 50.47 4,860 1.04 
1927 48.38 4,610 1.05 
1928 43.21 4,370 0.99 
1929 40.68 4,140 0.98 
1930 38.50 3,920 0.98 
1931 35.61 3,720 0.96 
1932 38.92 3,520 1.11 
1933 29.52 3,340 0.88 
1934 23.56 3,160 0.75 
1935 25.15 2,990 0.84 
1936 23.38 2,840 0.82 
1937 19.99 2,690 0.74 
1938 17.90 2,550 0.70 
1939 20.35 2,410 0.84 
1940 16.26 2,080 0.78 
1941 19.68 1,820 1.08 
1942 17.19 1,590 1.08 
1943 14.98 1,380 1.09 
1944 16.88 1,210 1.40 
1945 21.00 1,050 2.00 
1946 13.47 920 1.46 
1947 10.99 800 1.37 
1948 5.13 700 0.73 
1949 5.76 610 0.94 
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remained close to 1%. However, in 1945 — the year of the notorious famine 
in the Netherlands — it rose to 2.0 Yo: From this it can be seen that the ratio 
under discussion, although relatively stable, is not a biological constant; it 
may be expected also that it will be higher in countries where socio-economic 
ae are less favourable than the peacetime standard in the Nether- 
ands. 
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This approach may be of special value for estimating the annual risk of 
infection in a period when no tuberculin surveys were made and no chemo- 
therapy was available. It is suggested that, for the period between the two 
World Wars in most developed countries, a reasonable estimate would be 
that the annual mortality from tuberculous meningitis in children aged 0-4 
years represents | % of the annual risk of tuberculous infection. However, 
this estimate relates to a situation in which both human and bovine infections 
were occurring in unknown proportions. The estimate might be different in a 
country where there was little or no bovine infection. 


51 


X. DISCUSSION 


(1) The technique of estimating the annual risk of infection 


Although there have been a number of isolated instances where the preva- 
lence of tuberculous infection at a particular age has been interpreted in 
terms of an average annual risk of primary tuberculous infection, the present 
report, as far as we are aware, represents the first attempt to make compre- 
hensive use of prevalence data, obtained at tuberculin surveys, to assess the 
risk of tuberculous infection at a particular time, and to study how this risk 
has changed over a period of years. 

In its application to the information available for the Netherlands, the 
attempt has proved very successful. It has revealed a surprising regularity in 
the trend of the risk of primary tuberculous infection over a period of more 
than 50 years in that country. Moreover, the risk of infection in a particular 
year does not appear to have varied greatly with age, at least up to the age of 
20 years. (The possibility of a higher risk among very young children before 
the second World War due to bovine tuberculosis infection cannot be 
resolved with the available data). It is therefore possible to assign a single 
figure to each calendar year which summarises concisely the impact of 
tuberculous infection in that year upon the population aged up to 20 years, in 
a readily understandable form. 

The trend in the annual risk of tuberculous infection in the Netherlands, 
derived from the prevalence data, is uniformly downward. From a risk of 
infection of 97 per 1,000 population in 1913, the risk decreased steadily by 
about 5°%% annually to a rate of 24 per 1,000 in 1939, and then decreased 
steadily by about 13°% annually to a risk of infection of only 0.57 per 1,000 
population in 1966. It is of particular interest that over each of these two 
periods of about 25 years, the trend in the risk of infection in the Netherlands 
closely followed an exponential decline. These findings would have been 
essentially similar if (say) a diameter of 6 mm or of 10 mm induration to 
I TU of RT 23 had been adopted, instead of 8 mm, as the lower limit indi- 
cating tuberculous infection. 

The reliability of this series of estimates of the annual risk of primary 
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tuberculous infection in the Netherlands is confirmed by the closeness with 
which it reproduces the observed prevalences of past tuberculous infection 
at the various tuberculin surveys. These surveys cover the population cohorts 
born in each year from 1913 to 1954, several of these cohorts being observed 
at more than one age. The cohorts born from 1947 to 1954 were most recent- 
ly observed in 1966, so that the reliability of the series of estimates of the risk 
of tuberculous infection has been confirmed over the entire period from 1913 
to 1966. In particular, the prevalence figures indicate that there was no 
interruption in the steady and steep decline in infection risk during the 
second World War. 

It should be possible to apply this approach, namely to interpret the 
prevalence of tuberculous infection found at a tuberculin survey in terms ofa 
series of annual infection risks, to other territories which have made reason- 
ably representative tuberculin surveys in unvaccinated subjects at more than 
one age, or on more than one occasion. The detailed method used in this 
report was dictated partly by the extent of the material available, partly by 
the need to discover whether the annual risk of infection varied with age, and 
partly because it was not known what form the trend in the annual infection 
risk would take. However, in investigating the application of this approach 
to another territory, it would be reasonable to assume as a first approxima- 
tion that the risk of infection in any particular year was independent of age, 
and that any change in annual risk over the years was exponential in form. 
With these assumptions, the practical method described in Section VIII above 
may be used to obtain estimates of both current and past risks of infection. 
Even if the available information is neither as extensive nor as carefully 
collected as in the Netherlands, this practical method will give a useful indica- 
tion, both of the level of the risk of tuberculous infection, and its trend in 
time. 

For periods not covered by tuberculin surveys, or in areas where no such 
surveys have been made, it may be possible to estimate the annual risk of 
infection from mortality figures for tuberculous meningitis in young children 
in the absence of chemotherapy (Section IX), but this approach is likely to be 
less reliable because the mortality from tuberculous meningitis may not 
exactly reflect the risk of infection. 

Ifa number of tuberculin surveys have been made at a number of different 
ages, a more comprehensive analysis of the type outlined in Sections II and 
[I and in the Appendix would be worth undertaking. This would make fuller 
use statistically of information which will already have been laborious to 
collect, and it should in addition provide some direct evidence both on the 
dependence of the risk of infection on age, and on the form of the trend in the 
annual risk of infection, in the territory concerned. 
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(2) The trend of tuberculous infection in the Netherlands without and with 
special measures; ‘self-elimination’ of the disease 


Between 1910 and 1940 the risk of tuberculous infection in the Netherlands 
was falling by about 5% annually; since 1940 the decline has been steeper, 
namely, about 13° annually. Can anything be said about the causes of this 
phenomenon, or on factors that contributed to it? 

Considering first the period up to the second World War it is possible to 
exclude certain factors from having contributed to the regular decrease of the 
infection risk. They did not exist at that time, or were not applied in the 
Netherlands. These are chemotherapy, mass BCG vaccination and mass 
radiographic surveys. 

Nor could this steady decrease in the infection rate up to 1940 in the 
Netherlands have been caused by a decrease of bovine tuberculosis infection. 
Table 15 shows that the percentage of slaughtered cattle, rejected because of 


TABLE 15 
Number of tuberculous cattle among slaughtered animals, The Netherlands, 
1928-49 
TE eee ee ee se ee 
Year No. of slaughtered No. Rejected because of 
cattle tuberculosis 

VA 
1928 498,510 83,570 16.8 
1929 485,585 90,104 18.6 
1930 389,780 73,396 18.8 
1931 352,667 74,815 212 
1932 435,025 79,753 18.3 
1933 $39,790 92,524 17.1 
1934 492,022 89,959 18.3 
1935 470,815 87,519 18.6 
1936 414,230 85,701 20.7 
1937 365,968 73,980 20.2 
1938 378,593 76,873 20.3 
1939 463,169 90,554 20.3 
1940 491,928 88,558 17.8 
‘ons 579,115 87,451 15.4 
ae 561,968 67,947 12.1 
robe 296,482 41,075 13.9 
1943 221,749 20,801 10.0 
eas 244,072 29,999 13.4 
1.87 346,681 43,509 13.2 
pied 462,428 59,993 13.4 
no 237,581 40,245 16.9 
279,452 48.030 17.2 


tuberculosis, was fairly constant (between 17% and 21%) during the period 
1928 to 1940. It is an established fact that during this period a large and 
constant proportion of tuberculous infections in childhood were caused by 
oral infections with the bovine tubercle bacillus. The frequency of mesen- 
teric primary foci indicates that, at that time, about one third of young adults 
had their first contact with the tubercle bacillus by ingesting infected material 
(Korteweg, 1927; Straub, 1937), which was usually of bovine origin. These 
enterogenic infections were as frequent in 1937 as they had been in 1927. 
Only after the enactment of a law on milk pasteurization, in 1940, which was 
rigorously enforced, was a sharp decrease observed in the bovine tubercu- 
losis infection rate at ages 0-15 years in the Dutch population (Ruys, 1946). 

Treatment, including isolation in sanatoria since about 1920, improve- 
ments in housing and living conditions (except during the two World Wars 
and the economic depression of the thirties), and general antituberculosis 
measures may all have played some part in the decline of tuberculosis up to 
1940, but it is not possible to assess their relative contributions, and it is 
uncertain whether their total effect was sufficient to explain the steady and 
substantial decline in infection risk (about 5% annually) for a thirty year 
period. 

A similar decline has been observed in many other developed countries 
during the first half of this century. Moreover, in some the decrease in 
tuberculosis mortality even antedated the discovery of the tubercle bacillus 
in 1882. For instance, in England and Wales the reported mortality from 
tuberculosis was falling by 0.9% annually between 1861-65 and 1876-80 
(Wolff, 1926). 

Frost (1937) pointed out that “for the eventual eradication of tuberculosis 
it is not necessary that transmission be immediately and completely pre- 
vented. It is necessary only that the rate of transmission be held permanently 
below the level at which a given number of infection spreading (i.e., open) 
cases succeed in establishing an equivalent number to carry on the succession. 
If, in successive periods of time, the number of infectious hosts is continu- 
ously reduced, the end-result of this diminishing ratio, if continued long 
enough, must be extermination of the tubercle bacillus.’’ Assuming that the 
prevalence of bacillary cases was diminishing at approximately the same rate 
as tuberculosis mortality, he concluded “that under present conditions of 
human resistance and environment the tubercle bacillus is losing ground, and 
that the eventual eradication of tuberculosis requires only that the present 
balance against it be maintained.” In other words, for tuberculosis to survive 
as a disease, a bacillary case of tuberculosis must, at the end of its existence, 
have caused enough infections to ensure that ultimately at least one new 
bacillary case will develop within the human population. As soon as a 
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situation is reached in which 100 cavitary cases succeed in regenerating only 
98 or 95 such cases, a fundamental downward trend starts to operate. Once 
this ‘breaking point’ has been reached the disease is doomed, although it may 
then take a century or more to disappear. 

The results in the present paper do not go sufficiently far back in time to 
tell us when the breaking point was.reached in the Netherlands, except that it 
must have been before 1910. For this to have happened the number of 
persons infected by one bacillary source, multiplied by the risk that those 
infected would develop bacillary tuberculosis in their turn, had to fall below 
the critical value of 1; but information is lacking on both factors in this 
product at that time. We hope to comment further on this process of self- 
elimination of tuberculosis in a later report. 

It appears from our analyses that the risk of infection was falling steadily 
through both the World Wars. In particular, the prevalence data for the 
cohorts born between 1937 and 1947 are not consistent with the hypothesis 
that there was any interruption in the decline during the second World War, 
although tuberculosis mortality and morbidity recorded a steep temporary 
increase during this period. This fall during the war years was first estab- 
lished by Heynsius van den Berg who in 1946 presented results of tuberculin 
tests made in 1936-40 and in 1941-43. These showed that the prevalence of 
infection in individual age groups had continued to fall during this period. 
He concluded that the increase of tuberculosis among the population had 
‘not been preceded by a higher infection rate’. In his opinion the numerous 
cases of tuberculosis which developed during the war were due to a flare-up 
of latent tuberculous lesions, and not to fresh infections. However, this does 
not explain the fact that a subsequent higher infection risk, which might 
have been expected to result from the rise in morbidity during the war years, 
also failed to materialize. 

Figure 7 shows that the decline in risk of infection has been more rapid 
since 1940 than before, namely 13 percent annually. The immediate large 
reduction of bovine infection due to pasteurization (Ruys, 1946) seems to 
have been the main factor responsible, and there is no suggestion of even a 
temporary interruption during and after the war in the steady annual decline 
of 13 percent. 

This unexpected phenomenon led us to estimate the possible increase in 
the number of sources of infection during the war. In order to simplify the 
calculation we Supposed that, if the war had not occurred, both the annual 
auanvers of deaths due to tuberculosis and the number of new cases of 
active tuberculosis from 1940 to 1945 would have remained the same as they 
were in 1939. 

In the Netherlands a total of 3,604 deaths from tuberculosis, and a total 
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of 8,540 new cases of all forms of tuberculosis, were notified in 1939. The 
expected number of deaths from tuberculosis during 1940-45 would thus 
have been 21,624. However, a total of 35,928 deaths was notified; thus the 
excess mortality equalled 14,304, of which about 10,000 (70%) were deaths 
from pulmonary tuberculosis and therefore heavy bacillary excretors. 

The expected number of new cases of all forms of tuberculosis during the 
same period was 51,240 cases. A total of 90,692 cases was notified, repre- 
senting an excess of 39,452. According to the data available (Annual Report 
of the Chief Medical Officer of Public Health), about 75 percent of the 
patients suffered, at that time, from pulmonary tuberculosis. Among them 
less than one-third were diagnosed as ‘open’ tuberculosis cases. Thus, the 
excess incidence of sources of infection (defined as ‘open’ cases of pulmonary 
tuberculosis) seems to have amounted during that period to about one-third 
of 30,000 cases, namely about 10,000 cases. 

It follows from this rough calculation that the excess incidence of new 
sources of infection was approximately balanced by the excess deaths due to 
pulmonary tuberculosis, and this may explain why no increase in the risk of 
infection can be detected in the years following the second World War. 

This analysis of the data indicates that the process of ‘self-elimination’ of 
tuberculous infection in the Netherlands was a very stable phenomenon 
during the period studied. In particular, it has been shown that the decline 
in the risk of infection continued even during the very unfavourable condi- 
tions of the two World Wars. 


(3) Implications of knowledge of the annual risk of infection 


This analysis has shown that during the past fifty years in the Netherlands 
tuberculosis has behaved, to a close approximation, as if there was in each 
year a risk of acquiring a primary tuberculous infection which was the same 
at all ages up to an age of at least twenty years. This model and the estimates 
of the annual risks to which it leads have been remarkably successful in 
reproducing the observations on the prevalence of tuberculous infection at 
different ages during this period. On the assumption that this simple model, 
or something very like it, may also be found to hold in other territories, it is 
of interest to outline certain of its epidemiological consequences. 

In the first place, if there is a constant risk of infection, a disproportionately 
large number of primary tuberculous infections will take place among 
children, and particularly among young children. For example, if the risk of 
infection is 2 percent per year, and does not vary from one calendar year to 
the next, or with increasing age, then, of the total number of primary infec- 
tions that will take place in a cohort which it observed up to the age of 50 
years, about 15 percent will take place during the first five years of life (which 
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is only 10 percent of the period), and about 41 percent by the age of fifteen 
years (which is only 30 percent of the period). This disproportion is a con- 
sequence of the diminishing numbers of uninfected individuals as the cohort 
grows older. This disproportion will be greater if the constant risk of infec- 
tion is greater than 2% and less marked if the constant risk is less than 2 %. 

However, in countries such as the Netherlands, where the annual risk of 
tuberculous infection has been decreasing steeply, this tendency for primary 
tuberculous infections to occur early in the life of a cohort will be very much 
more marked, because the uninfected individuals in the cohort meet pro- 
gressively /ower risks of infection as they grow older. Table 12 showed that 
in the Netherlands, of all primary tuberculous infections occurring before 
the age of 50, as many as 40 percent occurred before the age of five years, and 
about 80 percent by the age of fifteen years. This pattern held for all cohorts 
born since 1910, despite the very different levels of risk of infection for the 
earlier and later cohorts. The pattern will be similar in other countries with a 
decreasing risk of tuberculous infection. This finding may be an important 
practical consideration affecting the most suitable age for BCG vaccination. 

Secondly, the incidence of primary tuberculous infections in a particular 
age-group is the product of the risk of infection at the time and the propor- 
tion of individuals remaining uninfected by that age. For successive cohorts 
in the Netherlands the former was a decreasing factor and the latter an 
increasing factor. For the cohorts born in the period 1910 to 1920, the effects 
of these two opposing trends nearly balanced between the ages of 15 and 
25 years (Table 10), with the result that the incidence of primary infections 
in this age-range remained nearly constant throughout the years 1925 to 
1940, and has only since shown a steep decline (Figure 6). This may explain 
in part the continued high incidence of clinical tuberculosis in young adults 
during the nineteen thirties in the Netherlands, although the annual risk of 
tuberculous infection was decreasing steadily throughout the period. 

Thirdly, the incidence of primary infections among those aged 40 or more 
has been low in the Netherlands for all cohorts since 1910, irrespective of the 
level of the risk of infection. When there was a high risk of infection, for the 
earlier cohorts, few individuals remained uninfected by the age of 40; when 
the risk of infection was at a lower level, for the later cohorts, many indivi- 
duals remained uninfected by age 40, but because of the low risk thereafter, 
few were infected subsequently. It follows that the great majority of new 
cases of clinical tuberculosis after the age of 40, that have occurred in the past 
and are occurring at present in the Netherlands, cannot have closely followed 
se infection, but must be attributed to endogenous exacerbation of the 
disease in those infected previously and/or to superinfection in later life. The 
respective contributions of these factors, which obviously depend on the risk 
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of infection, will be considered in a later paper. 

The present study indicates that (apart from the possible influence of 
bovine tuberculosis infection in the first two years of life) there is little or 
no evidence of variation in the risk of infection at least up to the age of 20 
years. There is not much information whether this also applies in other 
countries. Raj Narain et al. (1966) describe how, in India, the incidence of 
infection in different age-groups has been estimated from age-specific preva- 
lence rates of infection by Bogen and by Frimodt-Moller as well as by them- 
selves. The incidence rates calculated by Bogen were almost the same for 
different age-groups, with an average of 5.3 percent per annum. The rates 
estimated by Frimodt-Moller varied from 0.7 percent to 6.2 percent, and 
those by Raj Narain et al. from 0.9 percent to 4.4 percent, in different age- 
groups. Using the direct method (that is by repeating the tuberculin test in 
the same individual at a subsequent date) Frimodt-Moller concluded that the 
annual rate of infection with tubercle bacilli in South India was probably 
about 4 percent in all age groups. 

The above epidemiological conclusions are based upon the assumption 
that the risk of tuberculous infection is independent of age up to an age of 
50 years. The sections of the present report which examine the consequences 
of various hypotheses concerning the risk of infection above the age of 
puberty are thus of particular interest. Because the great majority of the 
primary tuberculous infections in each cohort have already occurred by the 
age of 15 years in the Netherlands, a rise in the risk of infection at higher 
ages, if it occurs, could only exert a small effect on the absolute numbers of 
primary infections occurring in adolescence and adult life. Thus, in any 
country in which the risk of tuberculous infection is falling, as in the Nether- 
lands, it is of no practical importance whether the annual risk of infection 
increases in adolescence and early life above the level for younger children, 
or whether it remains constant up to the age of fifty years. It follows that 
the above consequences of the model of risk of infection, which describes 
the data for the Netherlands so adequately, are practically unaffected by any 
variation there may be in the annual risk of infection for those aged over 15 
years. 


(4) The practical importance of determining the risk of tuberculous infection 


Tuberculosis being «: communicable disease, knowledge of past and present 
risks of tuberculous infection in a population should be of value in planning a 
rational tuberculosis control or eradication programme. The level and the 
trend of the annual infection risk determine the epidemiological development 
of tuberculosis in the future, both among those at present uninfected and 
among those already infected. It is therefore of importance to determine the 
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infection risk in a population, and to make similar determinations at intervals 
in the future. 

In some countries data on the prevalence of tuberculous infection on one 
or more occasions in the past are already available. From such data, using 
the approaches described in this paper, it should be possible to estimate the 
past level of the annual risk of tuberculous infection, and to obtain an indica- 
tion of past trends in the risk. Even though such estimates may be only 
approximate because of uncertainties in interpreting the results of the tuber- 
culin tests, or because unrepresentative samples were surveyed, they would 
provide valuable information to supplement the corresponding interpretation 
of data from current tuberculin surveys. In planning current surveys, 
special attention would naturally have to be paid to the selection of a suitably 
representative sample of the unvaccinated population at an appropriate age 
or ages, to the use of standardised test materials and techniques, and to the 
interpretation of the test results in terms of tuberculous or other mycobac- 
terial infection. 

In countries where mass vaccination against tuberculosis has not been part 
of the control programme, there is no special difficulty in making a tuberculin 
survey of a representative sample of unvaccinated children at any convenient 
age. Similarly in countries where children are first vaccinated on a mass scale 
several years after birth, surveys may readily be made on unvaccinated 
children at any convenient age up to that for mass vaccination. Indeed, in 
such countries preliminary tuberculin tests are normally made on children at 
the appropriate age for mass vaccination, and these potentially represent a 
survey of the prevalence of tuberculous infection at that age which, with 
proper standardisation of techniques, could provide information regularly 
on the risk of infection and its trend. 

However, difficulties would arise in countries in which the great majority 
of infants are vaccinated against tuberculosis soon after birth, because there 
would be no representative sample of unvaccinated children available for a 
tuberculin survey (unless there was an older unvaccinated cohort born before 
the introduction of the infant vaccination scheme). In such circumstances it 
would be appropriate to choose a sample of newborn children at random, 
and tuberculin test them annually, offering chemoprophylaxis to protect any 
who acquired a tuberculous infection, and vaccination at the age of (say) 
5 years to the remainder, as an alternative to vaccination at birth. This 
would Provide information on the risk of tuberculous infection in the first 
five years of life, and this would be relevant to a consideration whether to 
continue vaccinating all newborn children. 

The advantage of Summarising the tuberculosis position in a country in 
terms of the risk of tuberculous infection in particular years is that it provides 
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a readily intelligible measure of the impact of tuberculosis on the community 
at different times. (Because of chemotherapy, tuberculosis mortality is no 
longer a valuable index for this purpose). This approach also offers a better 
means of bringing together, on a similar basis, the results of different tuber- 
culin surveys at different times in the same country, and should facilitate 
comparisons of the tuberculosis situation in different countries. Moreover, 
as has been illustrated above with the data from the Netherlands, knowledge 
of the trend of the risk of infection should enable comprehensive predictions 
to be made for some years ahead, both of the prevalence of tuberculous 
infection, and of the expected incidence of primary tuberculous infections at 
different ages. This would provide guidance on the likely magnitude of the 
tuberculosis problem in a country during the next ten or fifteen years. 

It is hoped in a later report to study the ways in which the development of 
clinical tuberculosis in a population at different ages is related to the annual 
risk of tuberculous infection and its trend. The establishment of the relation- 
ships between infection with tubercle bacilli and the breakdown to clinical 
tuberculosis would greatly increase the practical value of knowledge of the 
risk of infection, as it would then become possible to predict the future pattern 
of clinical tuberculosis as well as that of tuberculous infection in a community. 
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The mathematical relationship between the incidence and the prevalence of 


tuberculous infection 


Consider a group, or cohort, of children, all born at the beginning of year b, 
who are followed until they are exactly a years old. Let the risk of acquiring 
a tuberculous infection in a particular calendar year f be p,. 

Then at the end of the year b, the proportion of the cohort which has been 
infected will be p,; the proportion remaining uninfected will be (1 —p,). 
At the end of the year b+ 1, 


P»* Py+1 Will have been infected in both years, 

P»* (1—py54+1) will have been infected in the first year only, 
(1—ps) * Py 1 Will have been infected in the second year only, and 
(1—p») * (1—p,41) will have escaped infection in both years. 


The proportion of the cohort which will have been infected at least once 
by the age of two years, which will be written P, », 18 therefore the sum of 
the first three expressions, which is the same as the last expression, subtracted 
from 1. 


‘+ 2,9 = ef ps) * (1 —Pv+1) 
If we write 
i= s,,) © Q,,,(1 —P») = q and (1 —Pv+1) = Gai 
then this becomes 
0,5= Wb * W411 


By age a we have, similarly 


Pi.» = 1-(1 —Pv)* (1 —ppa1)° (1 —Po+2)-- (O —Pv+a-1))s 
or more concisely, 


Y,5 = 9b ~ Wh41° Wp42 ++ Wp4(a—1) (1) 
b+(a-—1) 
“logQ,.5= Y toga, (2) 


t=b 


NN 
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In these formulae, p, and q, are regarded as if they were constant through- 
out a calendar year. If we replace p, by a continuously varying annual risk of 
infection with a value p(t) at time f, and write q(t) = 1—p(t), and Q(a,b) = 
QO, », then formula (2) becomes 


log O(a, b) = | “log g(t): at (3) 


This is the fundamental relationship between the prevalence of past tuber- 
culous infection in a cohort born at time 5 and observed at age a, and the risk 
of acquiring a primary tuberculous infection between times 6 and b+a. 

It should be noted that in formula (3) no assumptions are made about the 
nature of the relationship between q (or p) and time. In particular, p may 
depend not only on the calendar time, but also on the age of the cohort at 
that time. 


The estimation of the trend in the risk of tuberculous infection 


As will be shown below, considerable use may be made of formula (3) once 
we have some information on the way in which the risk of infection, p, varies 
with time, and can express this relationship in an appropriate mathematical 
form. It is more concise algebraically to continue to work with q, that is 
(1—p), instead of p. The most satisfactory way of estimating the value of q at 
different times is by using a modification of formula (3) (or formula (2)). If 
there was no variation in the risk of infection between the year of birth and 
the year of observation, then g(t) would be equal to a constant value g in this 
formula, and we should have 


log O(a, b) = log q: [t],"* = a: log q = log q" 
+. Q(a,b) = 4° (4) 


Thus, in the situation in which q varies with time, an average value of q(t) = 4 
may be obtained by extracting the ‘a’th root of Q(a, b).The simplest way to do 
this is to use the logarithmic equation, that is to divide log Q(a, b) by a, and 
take the antilogarithm. If, as is likely, q(t) is increasing (or decreasing) 
smoothly between time b and time b+a, then this average value g will 
represent the value of q(t) at some time f¢ between b and b+a; t will at this 
stage be unknown. 

If we have a series of values of Q(a,b) for different cohorts, that is, for 
different values of b, but for the same value of a, we may calculate a corre- 
sponding series of average values of q, and these will be separated by the 
same time intervals as are the cohorts, although the actual times to which the 
averages refer will not be known. This series of average values of q will 
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therefore provide a good indication of the nature of the trend in g, and will 
form the basis for choosing an appropriate mathematical formula to describe 
it. The importance of using, for this purpose, values of Q(a, b) which all refer 
to the same age a is that the series of average values of g will as a result all 
be affected to a similar extent by any association between the risk of infection 


‘\ 


and age. . 


Choice of mathematical relationship to describe the trend of the risk of 
tuberculous infection in the Netherlands 


As explained in the text of the report (page 13) the data for 11 consecutive 
annual cohorts of male recruits aged 1945 years in the years 1956 to 1966 in 
the Netherlands were used in this way, and gave a series of 11 annual average 
values of g. It was noted in the course of these calculations that the 11 annual 
values of /n (—/n q) appeared to lie practically along a straight line, which 
suggested that a straight line relationship between /n (—/n gq) and t might 
represent an appropriate mathematical model to describe the trend in the 
risk of infection in the Netherlands. 

When any biological measure shows a decrease with time, it is natural also 
to consider the possibility that the decrease may be exponential. During this 
period p was clearly a decreasing quantity in the Netherlands. An exponen- 
tial decrease in p would correspond to a straight-line relationship between 
/n p and ¢. 

At first sight these two mathematical models appear to be very different. 
However, they are practically the same in the present context, because the 
annual risk of tuberculous infection p is a small quantity. 


For |p| < 1, we have 


2 3 
—Ing = —In(i—p) = p+5+54 .., Which = p, for small p. 
Even if p is as large as 0.1, corresponding to the very high annual risk of 
primary tuberculous infection of 10%, the value of —/nq is only 0.10536, 
and for smaller values of p the difference between p and —/n g 1s propor- 
tronately less. It therefore does not matter which of these two mathematical 
models is chosen to describe the trend in risk of infection in the Netherlands. 
The first of the two was chosen, although it looks mathematically more 
complex, partly because this made it easier to evaluate the integral in formula 
(3), and partly because the first relationship appeared to describe the trend in 
infection risks in the Netherlands before the second World War, when the 
risks were higher, more closely than the second relationship. 
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We take 
In(—In q(t)) = c+st 
e+ sh 


.. —In q(t) =e (5) 
Substituting in formula (3) 


"b+a 
+ 
By ff" + dt 


In O(a, b) = 
b 
“ = ; reer Rte 
) co . 2eSh . Gsm 
=, aig (e"— 1) 
sa - ~s(b—?) 
- a : (=e"% 
sa .. gs(D=2) 
ee al Ga) 
s:In Q(a,b 
mn g(t) = 2 04.8) (6) 


(e*— 1) 3 ge-» 


This formula expresses the mathematical relationship between the value 
of the risk of tuberculous infection p at any time ¢ and the proportion of 
individuals, in the cohort born at time 5, who will be infected by age a, 
provided that the trend in the risk of infection is of the form indicated by 
equation (5). 

For particular values of t, we have the following four special forms of 
equation (6). 

(i) t = b. This gives the risk of infection at the time of birth of the cohort. 


s+ In Q(a, b) 


LTO leer 


(7) 
(ii) t = b+a. This gives the risk of infection at the time when the cohort is 
observed, namely when the cohort is aged a years. 


s+ In Q(a,b) 


Ih g(b+6) = — 


(8) 
(iii) t = b+x. This gives the risk of infection at the time when the cohort is 
aged x years. 


-In Q(a,b 
In q(o+x) = ar et (9) 
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(iv) t = b+a—y. This gives the risk of infection y years before the time when 


the cohort is observed. 


In qg(b+a—y) = s- in O16,8) (10) 
e’(l-e ™) 

Appendix Table B gives, for various values of a and s, the value of the 
risk of infection at age a, from formula (8), and the value of the risk of 
infection a few years earlier, from formula (10), corresponding to a wide range 
of values of P, the proportion of individuals already infected by age a. This 
table provides the simplest way of estimating p, the annual risk of tubercu- 
lous infection in a particular year, from information on P, the proportion 
already infected by a certain age. The method of using this table is described 
fully in Section VIII of the report (page 45). 

Formula (9) may also be used to determine the age x at which g takes the 
average value calculated from formula (4). In formula (4), putting g = 
q(b+x) we have 


In qib+x) = = In Q(a, b) 


and substituting this value in formula (9), 


i. In O(a; b) = L In Q(a, b) 
a e *. (e—1) 
Sx (e—1) 
Sa 
_1, @=1) 
x = P In - (11) 


Thus formula (4) and formula (11) together provide a method of estimating 
the risk of tuberculous infection from a prevalence figure, and assigning it to 
a specific time, which is alternative to the use of Appendix Table B. However 
the advantage of Appendix Table B is that it gives risks of tuberculous infec- 
tion which are assigned to particular calendar years, whereas in this alter- 
native method the risk of tuberculous infection is assigned to a time which 
does not necessarily correspond to a calendar year. Both methods are derived 
directly from equation (6), and therefore both depend on the trend in the risk 
of infection being of the form indicated by equation (5). 


66 


Determination of the series of annual infection risks in the Netherlands during 
and after the second World War 


These mathematical formulae may now be used to estimate the annual risks 
of tuberculous infection in the Netherlands, and also to study whether they 
vary with age and sex. One way of doing this would be to calculate separate 
estimates of (say) g(b) from each observed value of Q(a, b), using formula (7), 
but this would not make the best use of the close agreement which is apparent 
between the actual trend in the risk of infection and the mathematical 
relationship of formula (5). 

For this reason the series of 11 annual average values of q for male recruits 
aged 194 years was taken as a starting point. A straight line was fitted by the 
standard technique of linear regression to the 11 estimated values of 
In (—In q), regarding all 11 values as of equal weight. This gave a smoothed 
series of values of g satisfying an equation of the form 


—In Gq, = &*” (12) 


in which C = 0.70978 and s = —0.13794 (6 being measured from 1900, and 
g, being arbitrarily assigned to time 5). 

In this equation, ¢, represents the average value of q for the cohort born 
at time b, and is thus equal to a value of g at some time (b+ x) between b 
and (6+). 


“. —lIng, = —Inq(b+x) 


We may determine x by using formulae (12) and (9) on the two sides of this 
equation, giving 


eo tsb —~ —sln Q(a, b) 
(e*— 1) , o = 

C+ sb 7 Sa 
s In Q(a, b) 

This equation may be used to estimate x for each of the 11 cohorts from 
the observed values of Q(a,b), C and s taking the values found when deter- 
mining the regression line (12). These 11 values of x are given in Table 2. 

Substituting from formula (7) in (13) 


aoe 


~ In q(b) 


SX 


a ai q(b) _ Plant oe 
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But 


—In q(b) = e°** from formula (5) 
"_¢= C-sx 


Thus the curve —In g, = e©*™” may be moved from the arbitrary position 
in which @, is assigned to time b toa new position —/n q(b) = e°**> where 
c = C—sx (x being given by equation (13)). In this new position, the curve 
of infection risks reproduces, by age a, the observed value of O(a, b) for the 
cohort born at time b. The new curve is the same as the old curve, shifted 
x years along the time-scale. 

The average of the values of x for the 11 cohorts was 7.683 years. This may 
be taken as a single value for the curve which will, on average, most closely 
reproduce the observed values of Q(a,b) for these 11 cohorts. 


*, ¢ = 0.70978 — (—0.13794) x 7.683 = 1.7696 


The final column of Table 2 was therefore determined by taking as a standard 
curve equation (5), namely 


= q(b) = et 


with the above values of c and s, and b = 37, 38 ... 47. 


Variations in the annual risk of infection with sex and age 


The series of annual risks of infection for the years from 1937 to 1947 in 
Table 2 refers to males only, and is derived from information obtained at 
an age of 193 years. If the risk of infection varies with the age of the subject, 
then this series represents average annual risks of infection over this age- 
range. The extent to which the risk of infection depends on age may there- 
fore be assessed by looking at information for cohorts of males observed 
at a different age. If the same series of annual risks reproduces the observed 
prevalences, then the risk of infection would appear not to depend on age. 
If however, the series has to be shifted in time to reproduce the observed 
prevalences at a different age, this would indicate that the level ot the average 
annual risk over the different age-range was higher (or lower) than that at 
ages up to 19} years, and this might indicate an association between the 
risk of infection and age. 

Equally, if a series of annual risks which reproduces observed prevalences 
for males has to be shifted in time to reproduce observed prevalences for 
females of the same age, this would indicate different levels of the annual risk 
in the two sexes. 

A shift of the curve by x years along the time-scale corresponds to a reduc- 
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tion of sx in the value of /n(—/n q(t)), or a proportionate reduction of sx 
in the value of —/n q(t). Because —/n q(t) is nearly equal to p(t) we may say 
that a shift of the curve of infection risks by x years corresponds closely to a 
proportionate reduction in the risk of infection of sx. The proportionate 
reduction in the risk of infection each year is thus —s. For the Netherlands 
after the second World War the decrease in the risk of infection was therefore 
about 0.138, or 13.8 percent per year. 

Equation (13), with ¢ in place of C, and using the above values of cand s, 
was therefore applied to the values of Q(a,b) for schoolboys and schoolgirls 
in the Netherlands aged 124 to 184 years, observed from 1962 to 1966. The 
values of x now obtained represent the number of years by which the standard 
curve had to be shifted to reproduce the observed prevalences. These values 
are shown in Tables 3 and 4. 

Looking first at the comparison between males and females, and restricting 
the comparison to ages 134 to 174, for reasons given in the text (page 18), 
the average shift for males was —0.343 years and for females —0.995 years. 
The difference was 0.652 years. This corresponds to a lower level of annual 
infection risks in females than in males in the Netherlands, the percentage 
difference in level being about 0.652 x 0.138 x 100, or about 9.0 percent, 
during the period covered by the cohorts in the comparison, which is from 
1945 to 1966. 

The assessment of age-variation is less easy. The negative shifts tend to be 
rather greater for the younger groups (corresponding to a rise in infection 
risks with age), but neither in males nor in females is this a steady trend. If 
two regression lines with the same slope are fitted to the values of x for males 
and females aged 134 to 174, the slope corresponds to a decrease of 0.09 in the 
value of x for each decrease of one year in the age at the time of observation 
(that is, a decrease of 0.18 in x for a decrease of one year in the average of the 
age-range). According to these regression lines a value of x of —0.02 would 
be expected for males aged 194 years, which is closely similar to the value of 
—0.06 actually found for the cohorts included in Table 2; this suggests that 
the small (though non-significant) trend in infection risk with age indicated 
by the regression lines may be a genuine one. If it is, then the change in x 
corresponds to a percentage rise in the level of the risk of infection of about 
0.18 x 0.138 x 100, or about 2.5 percent, for each year of age during the 
period covered by the cohorts under study, namely from 1945 to 1966. Partly 
because the reality of this effect was uncertain, and partly because it was small 
in comparison with the decrease of 13.8 percent in level of infection risk each 
calendar year during the same period, the main report is based upon a single 
series of average annual risks for the age-range 0-194 years, without any 
further adjustment for age. 
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However, the standard curve was adjusted, by shifting it by —0.326 years, 
to give a series of annual risks of infection which would be appropriate for 
males and females combined. For this curve c = 1.7246, and taking s = 
—0.1379 as before led to the annual risks of tuberculous infection for the 
years 1940 to 1969 shown in Table 5. 
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Determination of the series of annual infection risks in the Netherlands before 
the second World War 


For reasons explained in the report (pages 22-23) it was decided not to use 
the information on prevalence under the age of 24 years from the four earlier 
surveys of children in Amsterdam aged up to 13 years of age. Instead the 
infection risks were estimated from comparisons of the prevalences observed 
at higher ages. This necessitated the use of a modification of formula (6). 

If we have two cohorts born at times b, and b, and observed at ages a, 
and a,, we have, from equation (6) 


exh —8) ro | 

tn Ofg:, by = AED gy ones 
erlo2—#), i | 

In Q(a,b3) = <9). tn g(r 


By subtraction 


Q(a;,b;)\ __ e “+ In q(t) 
l - » (081. (9841 __ a Se 
n (SP od Beret an (e""-(e—1)—e" -(e—1)) (14) 
There are three special forms of this equation corresponding to particular 
situations, 

(i) 4;=a,,b,#b,. This is the situation when two cohorts are both observed 
at the same age a. 

O(a, b,) 


“ey 
; (Fe3) 7 ae 10 «(e*—1)(e—e%) (15) 


(li) a; #a,,b,=b,. This is the situation when one cohort born at time b is 
observed at two ages. 


Oa, b) a cilia In q(t) say sa2 
™ (Sar) PE ot ae om 


In (b sa, sa 
re ——" (16) 


(ili) a, +b, =a,4 b,. This is the situation when two cohorts are both observ 
ed at the same time. 
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ln (Fae 53) fad e ™ In q(t) c (gf. *) (17) 


Q(4>, 52) s 


Further special forms of any of these four equations may be obtained 
for particular values of f (as in equations (7) to (10)). They all express the 
mathematical relationship between the risk of tuberculous infection at time 
t and two measures of the proportion of individuals who have been infected 
by specified ages, provided that, as with the earlier formulae, the trend in the 
risk of infection is of the form indicated by equation (5). 

In the present instance, use is made of equation (17). Regarding 5, as the 
earlier birth date, and considering consecutive annual cohorts, we have 
b, = b,+1, a; =a,+1. For t = (6,+5,)/2 = b,+4, equation (17) 
becomes 


Q(a,,5;) (- = a 
ln =—— = In q(b,+34):|——— 
O(a, b2) qb. +2) S 


= In q(b, +4): (1+0(s7)). 


Thus to a close approximation, since s is small, 


em Q(a,, by) 
a(b, +4) (Fee _ (18) 


Application of formula (18) to the information in each of the four surveys at 
successive ages from 24 to 134 years gave the 44 estimates* of ¢ referred to 
on page 24 of the report, and the values of /n (—/n q) again appeared to lie 
approximately on a straight line. (As mentioned on page 64, the slightly 
different values of /n p were not quite so closely fitted by a straight line). A 
straight line was fitted by the standard technique of linear regression to the 
44 estimated values of /n (—/n q), regarding all 44 values as of equal weight. 
This gave s = —0.05493 in an equation of the form 


+sb 
—~Ing=e&"™ 


In this equation q represents the average value of q(t) at some time (b; +), 
that is 
—Ing = —Inq(b,+x) 
We may determine x by using formulae (12) and (17) on the two sides of this 
equation. 


Beu.7)) s(b, +x) 
s in | ———_ Je’ 
oo sbi (See 


ee 


(ce? = e') 
* These 44 estimates are not mathematically independent. 
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sb2 es) 


2 e(e"? — (19) 


\ A io oe a 
c O(a,, b;) 
sln (fess 5) 


Taking a, = 24, and putting a, successively equal to 33, 44, ... 134 for 
each of the four surveys, equation.(19) gave 44 values* of x. These were 
averaged, and the average value ¥ was used to define the standard position 


for the curve, namely 
—In q(b,) i et tshs 


where c = C—sx = —1.5435, and s = —0.05493 as before. 

This equation led to the annual risks of tuberculous infection from 1910 to 
1939 shown in Table 5. This curve, and the curve for the years from 1940 
onwards, intersect at time T = 39.37 (measured from 1900). 


Validity of the estimates of annual risk of tuberculous infection 


Finally the general validity of the complete series of annual risks of tubercu- 
lous infection was checked by seeing whether they reproduced satisfactorily 
the prevalence figures at different ages in each of the above surveys. 

The complete series of annual risks consists of two parts 


—In q(t) = e'**" fort 2 T 
—In q(t) = e?** fort >T 
For early cohorts, for which b+a < T, we have 


C1 Mie ( sea 1) 


ofl a 
ee Sy (20) 


For the later cohorts for which b < T < (b+a) the expected prevalence 


figure has to be calculated from a modification of the basic integration, 
namely 


b a 


v 


i b+a 
—In O(a, b) eo1t sit dt +| e°2 + Sat y dt 


e ; (e"" -_ es1> e . eh2(b +a) _ e2t 
= — ap SI cnkctanala } (21) 
S4 S2 
For the later cohorts for which b > T 


c2+ seb S2a_ 1) 
—~In Q(a,b) = ——— (22) 


* These 44 values are not mathematically independent. 
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For the cohorts contributing to the four earliest surveys, the expected values 
of In O(a,,6,) for a, = 3.5, 4.5 ... 13.5 were calculated on the assumption 
that /n O(az,b,) took the value observed at the same survey for a, = 2.5, 
and using the difference between the appropriate pair of equations for 
In O(a,,b,) and In O(a,,b2) selected from (20), (21) and (22), depending on 
the values of a and b. 

The calculations were made with the following values for c and s: 


Both sexes — 1.5435 — 0.05493 1.7246 —0.13794 
(Tables 6 and 7) 
Males only — 1.5256 — 0.05493 1.7696 —0.13794 


(Table 8) 


The value of c, for males is that obtained originally for Table 2, and equals 
1.7246 — 0.3260 x (—0.13794). The value of c, for males was therefore made 
equal to —1.5435 — 0.3260 x (—0.05493), on the assumption that there 
would have been a similar contrast between the risks of infection for males 
and females before the second World War as was found subsequently. 
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SUMMARY 


A detailed study has been made of the extensive data on the prevalence of 
tuberculous infection in the Netherlands at different ages during the past 
40 years. It was possible to convert this information on prevalence into a 
series of annual risks of tuberculous infection during the period since 1910, 
which reproduced the observed prevalence data satisfactorily, and which 
could then be used to make a comprehensive study of the prevalence of 
tuberculous infection and the incidence of fresh primary infections for 
cohorts born between 1910 and i960 up to the age of 50 years. The Nether- 
lands is a particularly suitable area in which to make a study of this type, 
because only a small proportion of the child population has been BCG 
vaccinated, and mycobacterial infections other than tuberculosis are not 
frequent. 

Representative surveys were made in male army recruits aged about 19 
years from 1956 to 1966, and in schoolboys and schoolgirls aged from 
about 12 to 18 years from 1962 to 1966. In all these surveys the standard 
WHO tuberculin test was used. For the purposes of this study, a reaction of 
8 mm induration or more at 72 hours to 1 TU of RT 23 (in a buffer contain- 
ing Tween 80) was regarded as indicating past infection with tubercle bacilli. 

With the aid of the mathematical relationship between the annual risks of 
tuberculous infection and the resulting prevalence of past infection, it was 
found that since about 1940 the risk of tuberculous infection in the Nether- 
lands closely followed an exponential downward trend, the risk decreasing 
annually by 13.8 percent. The estimated annual risk of tuberculous infection 
was 2.08 percent in 1940 and 0.058 percent in 1966. 

A comparison of the risks of tuberculous infection in the two sexes showed 
that the annual risk was about 9 percent greater for boys than for girls in 
each calendar year. There was no definite association between the annual 
risk of tuberculous infection and age, up to the age of 20 years, but the figures 
were consistent with the possibility that there might be a small increase in 
the risk of tuberculous infection with increasing age. 

Four further tuberculin surveys were made in Amsterdam in children aged 
up to 14 years in the years 1926, 1934, 1939 and 1947, using the von Pirquet 
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test. It was uncertain whether the unduly large prevalence figures during the 
first two years of life were due to shortcomings of the testing technique or to 
high risks of infection in the youngest children, and the risk of tuberculous 
infection was therefore determined from the prevalence data at higher ages. 
The risk of tuberculous infection in the Netherlands from about 1913 to 
1939 also appeared to follow closely an exponential downward trend, the 
risk decreasing annually by 5.5 percent. The estimated annual risk of tuber- 
culous infection was 9.68 percent in 1913 and 2.41 percent in 1939. The more 
gradual decrease in the annual risk of tuberculous infection before 1940 is 
probably related to the high and unchanging risk of bovine tuberculous 
infection in the Netherlands during this period. Pasteurisation of milk was 
made compulsory in 1940. 

These two series of estimated annual risks of tuberculous infection in the 
Netherlands were combined, and their validity was checked by confirming 
that (with the necessary adjustments for sex) they reproduced satisfactorily 
the prevalence figures obtained in all the surveys referred to above. More- 
over, a possible alternative series of infection risks was studied for the years 
of the second World War, corresponding to an interruption in the steady 
decline of infection risk, but this did not reproduce the later prevalence 
figures satisfactorily. The combined series of annual infection risks thus 
provides an acceptable summary of the way in which tuberculosis has been 
changing in the Netherlands during a period of more than 50 years. It is of 
considerable interest that such a simple model should have reproduced so 
satisfactorily the findings for such a large number of separate generations 
(or cohorts) of children examined at different ages. 

The series of annual infection risks was extended forwards in time by 
allowing the decrease of 13.8 percent each year to continue until 1980, the 
risk thereafter being regarded as constant. The consequences of this series of 
infection risks, both in the past and for the future, have been studied in terms 
both of the prevalence of tuberculous infection and the incidence of fresh 
primary infections, by applying them to the cohorts born in each of the years 
1910 to 1960, up to an age of 50 years. Three different assumptions were 
investigated concerning the association of the risk of tuberculous infection 
and age: 

(a) that there was no association; 

(b) that the risk of infection increased gradually during adolescence to a 
level at age 18 which was 50 percent above that at age 13, and then decreased 
again between age 20 and 25 to the original level, which was maintained un- 
til age 50; 

(c) that the risk showed a similar increase and decrease, but with the 
decrease occurring only between age 25 and 30. 
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However, there were only small differences in the consequences of the 
three assumptions for the more recent cohorts, and these were not of prac- 
tical importance. Further analyses were therefore made only on the first 
assumption, that the risk of tuberculous infection in a particular calendar 
year did not depend on age. 

For each of the cohorts born bétween 1910 and 1960, the prevalence of 
tuberculous infection rose very steeply during childhood, less steeply during 
adolescence and very little above the age of 25 years. This pattern was very 
similar for each cohort despite the great change in level of the prevalence 
during the 50-year period; for the cohort born in 1910, the prevalence of 
tuberculous infection at age 4 was 35.8 percent, but for the cohort born in 
1960 the prevalence at the same age was only 3.4 percent. Of all the infec- 
tions which occurred in each cohort up to the age of 50 years, about 40 per- 
cent had occurred by the age of 4 years, and about 80 percent had occurred 
by the age of 14 years. 

The incidence of fresh primary infections under the age of 15 years de- 
creased steeply from cohort to cohort during the 50 years. The incidence at 
age 9 decreased from 2,940 per 100,000 for the cohort of 1910 to 39 for the 
cohort of 1960. At ages 15 to 40, the incidence remained at a high level until 
about 1935, and has since decreased steeply. At ages above 40 the incidence 
of fresh primary infections was relatively low for the early cohorts (because 
few individuals survived uninfected to these ages) and has remained low for 
the later cohorts (because, although a larger proportion now remains sus- 
ceptible, these individuals will encounter very much lower risks of infection 
in the future). 

On the assumption that in other territories any decrease in the annual risk 
of tuberculous infection will also be exponential, and that the risk will also 
be largely independent of age, detailed tables are provided for converting 
prevalence information obtained from tuberculin surveys to annual risks of 
tuberculous infection in particular calendar years. To use these tables it is 
necessary also to have an estimate of the percentage decrease each year in the 
risk of infection. Such an estimate may readily be obtained if more than one 
tuberculin survey has been undertaken in the country, or if different ages 
have been covered, and methods for doing this are given. 
| In circumstances where no representative tuberculin survey has been made 
ina country, another method would be to estimate the risk of infection from 
the mortality of tuberculous meningitis in children aged under 5 years 
in the absence of chemotherapy. In the Netherlands (where both human and 
bovine infections occurred) the ratio of this mortality from tuberculous 
meningitis to the risk of tuberculous infection was about 1 percent. 

The methods of the present Paper permit a unified presentation of the 
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results of representative tuberculin surveys in a readily understandable form. 
They give a direct indication of the magnitude of the tuberculosis problem 
in a country at particular points of time, and this facilitates comparisons 
with other countries. 

In considering the reasons for the steady decrease in the risk of tuberculous 
infection in the Netherlands up to 1940, chemotherapy, mass BCG vaccina- 
tion and mass radiography were not available, or were not applied, and so 
can have contributed nothing. Nor does there appear to have been any 
decrease in bovine tuberculosis infection prior to 1940. The decrease appears 
to have resulted from an environmental situation in which tuberculosis was 
tending to eliminate itself, by virtue of the fact that each active case of tuber- 
culosis must eventually have led to the development of less than one such 
case. The more rapid decrease since 1940 seems to have been largely attri- 
butable to the immediate decline in bovine tuberculosis as a result of the 
pasteurization of milk in 1940. 

This study has illustrated the practical advantages of assessing the level 
and the trend in the annual risk of tuberculous infection by means of current 
representative tuberculin surveys and the use of such similar data as are 
already available from the past. With this information it is possible to derive 
a comprehensive indication both of the prevalence of tuberculous infection, 
and the incidence of new primary infections at different ages during the 
following few years. Such information should be of value in planning tuber- 
culosis control programmes in developing countries and eradication pro- 
grammes in developed countries. It is hoped in a later report to carry the 
analysis a stage further and to establish the links between the acquisition of 
tuberculous infection and the risks of a subsequent breakdown to clinical 
tuberculosis. Information on this point would greatly enhance the practical 
value of determining the level and the trend in the annual risk of tuberculous 
infection. 
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Associations and Official Services affiliated to the tnternational Union Against Tuberculosis 


COUNTRIES 


ALGERIA: Comité Algérien de Lutte contre la Tuberculose, 
Ministére de la Santé, 52, boulevard Mohamed V, Algiers. 

ARGENTINA: Liga Argentina contra la Tuberculosis, Santa Fé 
4292, Buenos Aires. 


AUSTRALIA: National Tuberculosis Association of Australia, 
24, irwin Screet, Yarralumla A.C.T. 2600. 

AUSTRIA: Bundesministerium fiir Soziale Verwaltung, Stuben- 

ty 1, Vienna 1. . ’ 

BELGIUM: Oeuvre Nationale Belge de Défense contre la Tuber- 
culose, 56, rue de la Concorde, Brussels. ? 

BRAZIL: Federagao Brasileira das Sociedades de Tuberculose, 
Rua do Resende 128, 2° Andar, Rio de Janeiro G.B. 


BULGARIA: Association Médicale Scientifique des Phtisiatres de 
la République Populaire de Bulgarie c/o Clinique Phtisiatrique 
de l'Institut Supérieur de Médecine, Sofia. 

BURMA: Union of Burma TB Relief Association, Opposite General 
Hospital TB Clinic, Bogyoke Aung San Street, Rangoon. 

CANADA: Canadian Tuberculosis Association, 343 O’Connor 
Street, Ottawa 4. 

CEYLON: Ceylon National Association for the Prevention of 
Tuberculosis, 51, Edinburgh Crescent, Colombo 7. 

CHILI: Sub-Departamento de Tuberculosis, Servicio Nacional de 
Salud, Direccion General, E. Mac-lver 541, Casilla 3979, 
Santiago 

COLOMBIA: Liga Antituberculosa Colombiana, Avenida Jimenez 
No 1-85, Apartado Aereo 41-04, Bogota. 

CONGO: Ligue Nationale Antituberculeuse, Avenue de Kabinda 
A.S.B.L., B.P. 1316, Kinshasa. 

CUBA: Lucha Antituberculosa, Avenida 31 y 76, Marianao. 


CZECHOSLOVAKIA: Société de Pneumologie et de Phtisioio- 
ie, Clinique Universitaire de Pneumophtisiologie, Jihlavska 
00, Brno 25. 

DAHOMEY: Ligue Dahoméenne de Défense contre la Tuber- 

culose, Direction de la Santé Publique, Cotonou. 
DENMARK: Nationalforeningen til Tuberkulosens Bekampelse, 
Store Strandstride, 21, Copenhagen K. 

ECUADOR: Liga Ecuatoriana Anti-Tuberculosa, Casilla 3438, 
Oficina Luque 127, Guayaquil. 

FINLAND: Suomen Tuberkuloosin Vastustamisyhdistys, Kale- 
vankatu 9, Helsinki 10. 

FRANCE: Comité National de Défense contre la Tuberculose, 
66, boulevard Saint-Michel, 75 Paris 6e. 


Democratic Republic of GERMANY: Gesellschaft fiir Lun- 
enkrankheiten und Tuberkulose, Forschungsinstitut fir 
uberkulose und Lungenkrankheiten, Karowerstrasse 11, Ber- 

lin-Buch. 

Federal Republic of GERMANY: Deutsches Zentralkomitee 
zur Bekampfung der Tuberkulose, Schiessgrabenstrasse 24/11, 
89 Augsburg. 

GHANA: Ghana Society for the Prevention of Tuberculosis, 
P.O. Box 2902, Accra. 

GREAT BRITAIN: The Chest and Heart Association, Tavistock 
House North, Tavistock Square, London W.C. 1. 


GREECE: Association Nationale contre la Tuberculose, Rue 
Arahovis 11, Athens. 

GUATEMALA: Liga Nacional contra la Tuberculosis, 9A Calle 
«Ap» 0-65, Zona 1, Guatemala C.A. 

HAITI: Ligue Nationale Antituberculeuse, Port-au-Prince. 

HONDURAS: Liga Hondurena contra la Tuberculosis, 3era 
Calle No 913, Tegucigalpa D.C. 

HUNGARY: Hungarian Medical Association for Tuberculosis 
and Pulmonary Diseases, Diosarok u.!. «Janos» Hospital, Depart- 
ment of Pulmonology V., Budapest Xil. 

ICELAND: Medical Superintendent, Vifilsstadir 
Reykjavik. 

INDIA: The Tuberculosis Association of India, 3, Red Cross Road, 
New Delhi 2. 


INDONESIA: The Indonesian Tuberculosis Association, Djalan 
Tarakan 7, Djakarta 

IRAN: Société de Lutte contre la Tuberculose et de Protection 
des Phtisiques, Avenue Pahlavi 40 rue Bidi, Teheran. 

IRAQ: Anti-Tuberculosis Society in Iraq, General Headquarters, 
Baghdad-South Gate. 

ISRAEL: Anti-Tuberculosis League of Israel, Ruppinstreet 14A, 
P.O. Box 3024, Tel-Aviv. 

ITALY: Federazione Italiana contro la Tubercolosi, Via Ezio 24, 
Rome. 


IVORY COAST: Comité Antituberculeux de la République de 
Céte-d'Ivoire, B.P. 1754, Abidjan. 
JAPAN: The Japan Antitubercuosis Association, Kekkaku Yobo 


Kai, Kanda Misakicho, Chiyoda-ku Tokyo. 


JORDAN: The National Antituberculosis Association of Jordan, 
P.O. Box 505, Amman. 


Hospital, 


MEMBERS OF THE COUNCIL 


Dr. M. Khellaf, Or. L. Mokhtari. 


Prof. F. Martinez, Dr. H. M. Rodriguez Castells, 
Prof. Carlos A. Urquijo, Prof. R. A. Vaccarezza. 


Dr. W. Cotter B. Harvey, Dr. G. Howells, Dr. J. 

Isbister. 

Prim. Dr. Erwin Dissmann, Dozent Dr. Karl 
Schindl. 

Dr. F. Caspers, Prof. M. Millet. 


Prof. Newton Bethlem, Dr. Aldo Villas Béas, 
Dr. José Fernando Carneiro, Dr. Gilmario 


Murao Teixeira, Dr. Mozart Tavares de Lima 
Filho. 


Dr. Than Aung. 

Mr. C. Dobell, Dr. S$. Grzybowski, Dr. C. W. L. 
Jeanes, Dr. L. W. C. Seurgeon. 

Dr. J. H. F. Jayasuriya. 


Prof. G. Corbalan Trumbull, Dr. A. Pierry. 


Dr. Manuel de Luca. 


Dr. Jorge Aldereguia, Dr. Pedro Domingo, Dr. 
Luis Pascual. 
Dr. O. Halak, Prof. E. Jancik, Doc. Rudolf Krivinka. 


Dr. O. Christensen, Mr. K. Saxild. 

Dr. Miguel Angel Jijén. 

Prof. Erkki Larmola, Pro:. Jorma Patiala. 

Prof. M. Bariéty, Prof. Etienne Bernard, Prof. 


Georges Brouet, Prof. Ch. Gernez-Rieux, Prof. 
André Meyer. 


Dr. K. Breu, Dr. Gade, Prof. R. Miller, 


Dr. D. L. H. Goddard, Rt. Hon. Lord Kirkwood,  - 


Dr. N. Oswald, Dr. N. L. Rusby, Dr. J. H. Harley 
Williams. 

Dr. P. Kapalas, Dr. B. Papanicolaou, Prof. C. 
Stefanopoulos. 

Lic. Eduardo Mayora D. 


Dr. Tiburcio Guerrero. 


Dr. Helgi Ingvarsson, Dr. Sigurdur Sigurdsson. 


Dr. N. L. Bordia, Sri B. M. Cariappa, DOr P. 
K. Duraiswami, Major Genera! C. K. Lakshma- 
nan, Dr. P. K. Sen. 


H. E. Hossein Ala. 
Mr. Salman Bayat, Dr. Sabich Al Wahbi. 


Dr. M. Krieger, Dr. Y. Adler, Dr. |. Zilberstein. 

Prof. G. Daddi, Prof. V. Lazzeroni, Prof. G. 

L'Eltore, Prof. V. Monaldi, Prof. A. Omodei 
Zorini. 

Prof. P. Delormas, Dr. Vilasco. 


Prof. Imasato Dohomae, Pro‘. Toshiaki Ebina, 
Dr. Tatsuro Iwasaki, Dr. Yuro Kawamori, 
Dr. Masayoshi Yamaguchi. 

Dr. j. F. Tutuniji. 
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COUNTRIES 


h): Association Coréenne contre la Tuberculose, 
“ou arene des Sciences Médicales, Pyongyang. 
KOREA (South): Korean National Tuberculosis Association, 
59-11, 3-Ka, Chungmu-ro, Chung-ku, Seoul. } 
LEBANON: Société Antituberculeuse, Sanatorium Dahr-el 
.P. 399, Beirut. 
: tee. Ligue Luxembourgeoise contre la Tubercu'ose, 
Case Postale N° 86, Luxemburg-City. 
MADAGASCAR: Comité Malagasy contre la Tuberculose c/o 
Institut d’Hygiéne Sociale, Avenue de la Réunion, Tananarive. 
MALAYSIA: Malayan Association for the Prevention of Tuber- 
culosis, P.O. Box 484, Kuala Lumpur. 
MALI: Comité Antituberculeux du Mali, Direction de ia Santé, 
MEXICO: Comité Nacional de Lucha contra ia Tuberculosis 
omi ‘ 
Londres 40-2. Piso, Apartado Postal No 5-473, Mexico 6 D.F. 


MONACO: Service d’Hygiéne et de Salubrité Publique, Monaco. 
MOROCCO: Ligue Marocaine contre la Tuberculose, Ministére 
de la Santé, Avenue Mohamed V, Rabat 
NEPAL: Nepal Tuberculosis Association, Post Box No 28, 


Kalimati-Kathmandu. ° 
NETHERLANDS: Koninklijke Nederlandse Centrale Vereni- 
ging tot Bestrijding der Tuberculose, Riouwstraat 7, The 


ague. 
NEW ZEALAND: The New Zealand Federation of Tuberculosis 
Associations (Inc.), P.O. Box 321, Wellington C. 1. 
NIGER: Comité Antituberculeux de la République du Niger, 
B.P. 80, Niamey. i 


NORWAY: Nasjonalforeningen for Folkehelsen, Postboks 7139, 


Homansbyen, Oslo 3. . 
PAKISTAN: Pakistan National Tuberculosis Association, 14 Jin- 


nah Avenue, Dacca 2. 4 
PANAMA: Organizacion Panamena Antituberculosa, Apartado 


ma R.P. 


vision de Tuberculosis, Ministerio de Salud Publica y © 


PERU: 
y vrei. a Social, Avenida Wilson 1140-3, Lima. 
PHILIPPINES: The Philippine Tuberculosis Society Inc., 1853 
Rizal Avenue, P.O. Box 281, Manilla. 


Pp LAN D: Société Polonaise de Phtisio-Pneumologie, ul. Plocka 
POR TUGAL: Instituto de Asistencia Nacional aos Tuberculosos, — 
eni 


oe de Julho, Lisbon. 


RUMANIA: Union des Sociétés des Sciences Médicales, Str. — 


Pag, ului 8, Bucharest. 
“SALVADOR: Patronato Nacional 
Buenas, Apt. 504, San Salvador. 


SIKKIM: Antituberculosis Association, Gangtok. 
SINGAPORE: The 
60 Shenton Way, Singapore 2. 
: so UTH AFRICA: South African National Tuberculosis Associa- 
tion, 621 Leisk House, Cor. Bree and Rissik Streets, P.O. Box 
_ 10.501, Johannesburg. f * 
SPAIN: Patronato Nacional Antituberculoso y d 
dades del Torax, Plaza de Espana 17, Madrid 13. 


las Enfe me- 


SUDAN: N.A.P.T., Ministry of Health, P.O.B. No 2101. Khar- _ 


toum. 
SWEDEN: Swedish National Association against Heart and Chest 
Diseases, V. Tradgardsgatan 11B, Stockholm C. 
SWITZERLAND: Association Suisse contre la Tuberculose, 
Waisenhausplatz 25, Postfach 1193, 3002 Bern. 


SYRIA: Comité Syrien de Défense contre la Tuberculose, B.P. 744 — 


Damas. - 


TAIWAN: National Tuberculosis Association of Taiwan, China, 


Taseaaene — Taipei. 
: Tanzania Association against Tub losi 3. 
Trae nad gy ees : wwere Tt aoe 
LAND: The Anti-Tuberculosis Association of Thailand 
1281, Pahol Yothin Highway, Bangkok. ee 


TUNISIA: Ligue Nationale Antituberculeuse de la République’ 
de Tunisie, Institut de Phtisiologie, Ariana. 

TURKEY: Association Nationale Turque contre la Tuberculose 
Selime Hatun, Taksim-Istanbul. 


U.A.R.: Association Générale contre la Tuberculose, 19, rue 
Amin Sami-Monira, Cairo. “ 
UPPER VOLTA: Comité Antituberculeux de ia Haute-Voi 
B.P. 60, Ouagadougou. py Ss 
URUGUAY: Servicio de A. y P. Antituberculosa, Durazno 1242 
Montevideo. ; 
U.S.A.: National Tuberculosis and Réspiratory Disease Associa- 
tion. 1740 Broadway, New York. N.Y. 10019. per 
U.S.S.R.: Société des Phtisidtres Soviétiques, 4, rue Dostoie sky 
Moscow A-39. ; 


VENEZUELA: Federacion de Asociacion#s Antituberculosas 
Venezuela Calle 94 No 2 A-76. Ant. 74. Maracaibo. 

VIETN AM (North): Institut de la Tuwherculose de to Répu- 
biique Démocratique du Viet Nam, 15. rue Trin-Hung-Dao 
Hanoi. 

VIETNAM (South): Lieve Antitubercute Vi 
LeVan-Duyét, Gia Dink. a ee 

YUGOSLAVIA: Section Centrale de ta Tuberculose, Croiy. 
Rouge Yougoslave, Simina 19, Belerade. 


Antituberculose, Edificio 


s, Ap * 
tern SAMOA: Antituberculosis Association of Western | 
joa Inc., c/. Papali’i Enele, P.O. Box 33, Chest Clinic, Apia. | 


Singapore Antituberculosis Association, 
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